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Art.  I. — A71  Iodine  Titration  Voltameter;   by  D.  Albert 

Kreider. 

The  rapidity,  accuracy  and  sliarpnesB  of  the  end  reaction 
of  several  of  the  methods  of  vohinietric  analysis,  particularly 
of  the  iodometric  methods,  liave  suggested  the  possibility  of 
applying  them  to  the  voltameter.  A  rather  extensive  investi- 
gation of  quantitative  electrolytic  oxidation  and  reduction 
methods,  with  this  aim  in  view,  has  resulted  in  the  evolution 
of  a  titration  voltameter  the  accuracv  of  which  mav  be 
depended  upon  to  about  one  part  in  ten  thousand.  The 
advantages  in  point  of  manipulation  and  time  required,  as  well 
as  its  applicability  to  a  greater  range  of  current  density,  will, 
in  the  writers  opinion,  make  it  of  service  in  many  investi- 
gations. 

The  basis  of  the  method  is  the  electrolysis  of  potassium 
iodide  and  the  titration  of  the  liberated  iodine  by  sodiuui  thio- 
sulphate.  Herroun^  iirst  suggested  the  use  of  iodine  in  this 
connection.  He  electrolyzed  zinc  iodide  between  a  platinum 
anode  and  zinc  cathode  in  a  beaker ;  but  gives  the  results  of 
only  one  determination  and  leaves  the  method  in  an  imprac- 
ticable form. 

Danneelf  reports  four  comparative  tests  of  Herroun's  zinc 
iodide  voltameter  in  series  with  a  silver  voltameter.  The  results 
ghow  a  difference  of  between  4-0*27  per  cent  and  —1  per  cent. 
His  burette  readings  were  made  to  only  the  nearest  0'1%  and  the 
total  quantity  of  thiosulphate  was  small ;  varyino^  from  7*  to  34**^^ 

The  work  of  Danueel,  as  well  as  that  of  KistiakowskyJ  on 
a  silver  titration  voltameter,  seems  never  to  have  found  its  way 

•Phil.  Mag.  [5J,  xl,  91,  1895. 

t  Zeitschr.  fUr  Elect.  Chem.,  iv,  154.  1897. 

\  Zeitschr.  Phys.  Chem.,  vi,  97,  1890. 

Ah.  Joob.  Sol— Fourth  Sbries,  Vol.  XX,  No.  115.— July,  1905. 
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•*fntor{lfe'gei>eral  Uferaftilrt.  The  work  of  both  nieu,  on  voltam- 
eters, was  incidental  to  another  research  and  the  titles  of  their 
articles  fail  to  aiford  any  clue  to  this  particular  contents.  My 
own  preliminary  search  of  j)ossible  reactions   had  been  com- 

t>leted  and  I  had  settled  upon  the  form  of  the  iodide  voltameter 
)efore  I  learned  of  the  work  just  mentioned. 

Herroun  rather  erroneously  points  to  the  hi^h  electro- 
chemical equivalent  of  iodine  as  its  chief  advantage ;  this  is 
obviously  immaterial  in  a  volumetric  method.  As  a  ])asis  of  a 
titration  method,  however,  iodine  has  peculiar  advantages  in 
the  rapid  action  of  sodium  thiosulphate  upon  it  and  in  the 
extreme  sharpness  of  the  end  reactions,  intensified  when  desir- 
able by  the  addition  of  starch  solution.  Potassium  iodide  is, 
moreover,  much  to  be  preferred  to  the  zinc  salt.  It  is  obtain- 
able commercially  quite  free  from  iodates  and  its  solutions 
may,  therefore,  be  acidified  without  the  liberation  of  iodine, 
except  for  the  very  slow  action  of  atmospheric,  or  dissolved, 
oxygen. 

It  is,  of  course,  impracticable  to  electrolyze  the  potassium 
iodide  directlv,  when  the  liberated  iodine  is  to  afford  a  measure 
of  the  current;  this  is  because  of  the  recombination  of  the 
electrode  products  by  diffusion.  Acidifying  j)revents  this 
recombination,  or  even  after  it  has  taken  place,  in  an  acid 
solution  the  original  amount  of  iodine  is  liberated,  j)roviding 
the  iodine  has  not  been  allowed  to  diffuse  to  the  cathode 
during  the  electrolysis,  where  it  would  tend  to  combine  with 
hydrogen  and  would  be  irrecoverable. 

A  most  satisfactory  action  is  obtained  when  the  anode  is 
submerged  in  a  strong  aqueous  solution  of  the  potassium 
iodide  under  dilute  hydrochloric  acid  in  which  the  cathode  is 
suspended.  With  the  electrodes  thus  placed  vertically,  the 
anode  below,  the  liberated  iodine,  because  of  its  great  density 
and  solu])ility  in  potassium  iodide,  diffuses  very  slowly.  After 
a  run  of  hours,  and  even  on  subsequent  standing  for  hours 
more,  the  solution  about  the  cathode  remains  perfectly  color- 
less and  free  of  iodine. 

T/i€  Potassium  Iodide  C-eU. 

As  a  cell,  I  have  employed  a  side-necked  test  tube,  fig.  1, 
drawn  out  at  the  bottom  to' a  long  capillary.  Into  the  junction 
of  this  capillary  a  glass  rod  was  ground.  The  test  tube  was 
closed  by  a  rubber  sto])per  with  three  perforations,  through 
the  middle  one  of  which  the  ground  glass  rod  ]>asses  air  tight, 
though  not  so  tightly  as  to  prevent  easy  motion  when  moist. 
The  other  perforations  receive  the  glass  tubes  through  which 
the  wires  connect  with  the  platinum  electrodes ;  anode  at  the 


D,  A,  Kr eider — Iodine  Titration  Voltameter.  3 

bottom  of  the  tube,  cathode  above.  The  size  of  the  electrodes 
was,  in  the  small  cell,  1*6  X  2*7^ ;  in  the  large  cell,  2*5  X  6°™. 
In  the  latter  ease  the  cathode  was  somewhat  smaller  and  corru- 
gated. These  electrodes  were  bent  into  cylindrical  form  and 
arranged  coaxially  with  the  tube.     The  smaller  • 

cell  had  a  diameter  of  2*="^,  length,  12^"',  length  of  ^ 

capillary,  7"^'°.  Its  capacity  was  about  30'*" ;  about 
7"  being  required  to  cover  the  anode.  The  larger 
cell  was  made  in  the  same  wav,  of  a  tube  3*^"'  in 
diameter  and  about  15""  in  length,  with  a  capil- 
lary about  18"°»  long.  With  the  distance  of  5"" 
bet\yeen  the  nearest  edges  of  the  electrodes,  the 
total  volume  required  to  cover  the  cathode  was  c 
about  60*^^,  about  20*^''  sufficing  to  cover  the  anode. 

The  apparatus  was  filled  by  raising  the  ground 
glass  rod  and  by  diminished  pressure,  effected 
through  the  side  neck,  drawing  up  through  the 
capillary  successively  the  required  amount  of 
hydrochloric  acid  and  then  the  strong  solution  of 
jwtassium  iodide  in  water.  In  this  way  the  anode 
is  completely  submerged  in  the  concentrated  solu- 
tion of  iodide  without  the  use  of  excessive  quan- 
tities. The  hydrochloric  acid  serves  as  an  elec- 
trolyte, permitting  the  separation  of  the  electrodes 
sufficiently  to  preclude  the  possibility  of  any 
interaction  of  the  electrode  products. 

By  this  method  of  tilling  the  cell  the  iodide  is 
sufficiently  acidified,  and  if  not  too  rapidly  drawn  in,  a  sharp 
line  will  mark  the  junction  of  the  two  solutions  of  diiierent 
density.  The  electrolysis  results  in  a  quantitative  liberation  of 
iodine  unless  the  current  density  is  too  great.  In  the  latter 
case  oxygen  is  evolved  along  with  the  iodine.  With  the  per- 
missible current  densities  indicated  in  Table  I,  so  long  as  the 
potassium  iodide  is  not  impoverished  about  the  anode,  not  a 
trace  of  oxygen  appears  and  the  action  is  entirely  satisfactory. 
As  the  iodine  is  liberated  it  sinks  along  the  electrode  and  by 
its  convection  effect  renews  the  iodide  at  the  surface  of  the 
electrode  without  the  slightest  disturbance  of  the  supernatant 
acid.  In  all  cases  where  the  current  density  has  not  exceeded 
the  indicated  maximum,  or  where  the  duration  of  the  current 
has  not  been  such  as  to  exhaust  the  iodide  (so  that  no  oxygen 
is  evolved)  the  supernatant  liquid  remains  perfectly  colorless 
and  free  of  iodine,  and  continues  to  show  a  sharp  line  of 
demarcation  between  the  iodine  solution  and  the  acid. 

Table  I  shows  the  possible  current  densities,  ])otential 
change,  and  permissible  time  of  run,  under  the  given  condi- 
tions.    In  the  first  column,  the  first  figure  represents  the  num- 
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ber  of  grams  of  potassium  iodide  used  and  the  second  figure 
the  volume  of  its  solution  in  water.  In  the  fifth  column, 
where  two  figures  are  given,  the  first  represents  the  fall  of 
potential  through  the  cell  at  the  beginning  of  the  experiment 
and  the  second  figure  that  at  the  end  of  the  run.  The  interval 
is  found  in  the  sixth  column.  An  asterisk  following  the 
figures  of  the  sixth  colunm  indicates  that  the  current  was  con- 
tinued until,  and  stopped  at  the  moment  of,  the  first  appear- 
ance of  gas  on  the  anode.  It  is  evident  that  the  liberation  of 
iodine  is  no  longer  quantitative  for  some  time  before  this  gas 
appears,  the  safety  limit  depending  upon  the  current  density, 
within  this  safety  limit  the  rise  of  potential  is  also  not  as  great 
as  that  indicated  in  the  fifth  column.  The  fall  of  potential 
through  the  cell  increases  continuously  and  very  regularly, 
after  the  first  few  minutes,  in  which  it  rises  rather  more  rapidly. 
Just  before  the  appearance  of  the  gas  the  potential  naturally 
rises  quite  rapidly.  The  gradual  change  of  potential  is  doubt- 
less due  to  the  increased  resistance  of  the  potassium  chloride 
solution  which  is  formed  during  the  electrolysis  at  the  bound- 
ary of  the  two  solutions.  This  part  of  the  cell,  especially  the 
small  one,  is  always  considerably  heated  by  the  current,  and  a 
conspicuous  line  of  increased  density  of  the  solution,  but 
entirely  colorless,  gradually  creeps  up  the  tube  to  a  distance 
of  several  centimeters  in  an  hour's  run.  In  the  7th  experi- 
ment the  solution  became  quite  warm  and  small  bubbles  of 
gas  api)eared  on  the  sides  of  the  glass,  long  before  there  was 
any  evidence  of  gas  being  evolved  at  the  anode.  To  test  tiie 
correctness  of  the  supposition  that  this  was  merely  dissolved 
.  i^as,  the  Sth  experiment  was  made  with  the  cell  in  a  water 
batli  maintained  at  9°.  Under  these  conditions  no  gas  appeared 
until  it  was  evolved  at  the  anode.  This  experiment  also  shows 
that  the  warming  of  the  solution  is,  if  anything,  an  advantage; 
due,  doubtless,  to  the  more  rapid  diffusion  of  the  iodide  or  to 
the  greater  solubility  of  the  iodine.  In  experiments  3  and  10 
the  current  was  varied  ;  the  time  of  run  for  each  value  of  the 
current  is  given  in  the  sixth  column. 

Three  determinations  with  two  of  the  small  cells  in  series, 
each  containing  2  grams  of  potassium  iodide  in  7'5^%  with  a 
current  density  of  0*015  amp./em'  showed  the  following  satis- 
factory agreement  in  the  amount  of  thiosulphate  required : 

,  X     j31-55^«  ,..    28.60<^^  ,   .    16-62" 

^^'     (31-58"  ^^   28.66"  ^^^    16-60" 

A  comparison  between  the  values  obtained  by  two  of  the 
iodine  voltameters  in  series  with  each  other  and  with  one  or 
more  copper  voltameters  is  shown  in  Table  II.     The  titrations 
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in  these  cases  were  not  as  accurately  made,  nor  the  sohitions 
standardized  with  the  same  care  that  characterized  the  later 
determinations,  as  will  be  seen  from  the  sequel. 


(a)    Small  cell  ^ 


Table  I. 

Diam.  of  cell  =  2'^'". 

Length  of  cell  =  12'™. 

Electrodes  1*6  x  2*7'^'". 

Dist.  between  nearest  edges  of  electrodes,  5*^"'. 
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1    1  in5 


2    2 
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i 
( 

i 
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(6)    Large  cell 


9   5**    20 

10  10  '*    20 


40 
40 


0-5         0-058    2-4**    4-8  85* 

0-5         0-058    2-6'*    5-8  54* 

Diam.  of  cell    =    3«"'. 
Length  of  cell  =  15«"\ 
Electrode  (anode)  2*5  x  6^'". 
Distance  nearest  edges,  5*'". 

0-5  0-017  2-    **  3-5  41* 

0-5  0017  1-5  *^  2-5  91 

10  0033  4-1  **  4-7    2  more 

1-5  0050  5-7  1  more* 


Solid  iodine  at  anode 
Solid  iodine  at  anode 
Solntion  alkaline 
Solid  iodine  in  large 
qnantity  at  anode 


Solid  iodine  at  anode 


Solid  iodine  at  anode 


*  Gas  evolved  at  anode. 


Table  II. 


Iodine  voltameter. 
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KI 

grms. 
in 
cc. 
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C 
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a 

a. 
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J  (a)    5  4    »  7-5   )  0-0=58  1 J     l^'^-*??  0-4202    0-4199 


6  5    "   7-5        0-5  0058  45 


0013 


134-21   0-4244    JiJ^^J  OOIS 
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Standard  SohUions, 

Sodium  thiosiilpliate  is  the  most  convenient  medium  for  the 
titration  of  iodine,  but  it  is  not  a  very  satisfactory  standard 
where  great  accuracy  is  desired.  The  salt  is  readily  obtained 
quite  pure,  but  there  is  always  some  uncertainty  as  to  the 
amount  of  extraneous  water  the  crystals  may  contain.  Further, 
on  long  standing,  especially  when  exposed  to  the  light,  it  un- 
dergoes a  slight  decomposition,  witli  deposition  of  sulphur. 
However,  this  decomposition  is  so  slow  that,  if  kept  in  the 
dark,  the  solution  will  remain  quite  constant  for  months. 
In  all  of  my  titrations,  except  those  that  were  merely  relative,  I 
have  employed  an  approximately  decinormal  solution  of  sodium 
thiosulpnate,  standardized  against  arsenious  oxide,  by  means 
of  an  iodine  solution.  The  purest  arsenious  oxide  obtainable 
was  resublimed  three  times  and  Aveighed  from  a  weighing  bot- 
tle. This  solution  also  was  only  approximately  decinormal. 
The  weight  of  the  arsenious  oxide  was  carefully  determined 
and  reduced  to  its  weight  in  vacuo,  and  the  solution  accu- 
rately made  up  to  one  liter  at  20°  in  a  calibrated  iiask.  The 
direct  employment  of  the  arsenic  solution  for  the  titrations 
is  undesirable  because  it  necessitates  an  excess  of  bicarbonate 
and  the  danger  of  loss  of  iodine  in  the  neutralization  requires 
a  complicated  series  of  traps.  Moreover,  the  end  reaction, 
when  starch  is  employed,  is  much  slower  with  arsenic  than 
with  the  thiosulphate.  With  the  latter  it  is  practically  instan- 
taneous. 

Tlie  THtrations. 

The  titrations  were  performed  in  Ehrlenmeyer  beakers. 
In  tilling  the  cell,  care  was  always  taken  to  draw  up  the  last 
of  the  iodide  solution  as  far  as  the  ground  glass  Joint,  but  with- 
out admitting  air  wliich  would  stir  up  the  solutions.  To  avoid 
a  possible  loss  of  iodine  through  a  considerable  leakage  of  the 

i'oint  and  vaporization  from  the  concentrated  solution,  the 
Chrlenmeycr  beaker  containintj  about  Ibi)'^'^  of  water  was 
placed  under  the  cell  during  the  electrolysis.  The  capillary 
extension  of  the  cell  (fig.  1)  reached  to  the  bottom  of  the 
beaker.  Whenever  the  leakage  of  the  ground  ghuss  joint  was 
sufficient  to  allow  the  iodine  solution  tu  descend  the  full  length 
of  the  capillary  during  an  experiment,  the  joint  was  reground 
with  the  finest  emery.  Under  these  conditions  a  loss  of  iodine 
is  impossible. 

After  the  current  was  cut  off,  the  ground  glass  joint  was 
opened  slightly  and  the  cell  allowed  to  empty  slowly.  The 
great  density  of  the  iodine  solution  keeps  it  continuously 
covered  with  a  layer  of  water  of   considerable  depth  in  the 
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beaker,  and  the  supernatant  acid  of   the  cell  washed  out  the 
iodine  completely. 

A  burette  of  50^  capacity  was  employed.  Tliis  burette  was 
carefully  calibrated  and  was  found  to  be  surprisingly  accurate. 
Its  error  indicates  an  extremely  minute  and  regular  taper  of 
the  tube  and  the  graduations  are  such  as  to  permit  of  accurate 
readings  to  0*02".  In  fact  I  have  felt  considerable  confidence 
in  reading  it  to  0*01^^  This,  with  the  strength  of  solution 
employed,  was  equivalent  to  about  0*1"^  of  silver.  In  the 
earlier  determinations,  when  more  than  bO"^^  of  the  thiosulphate 
were  required,  the  burette  was  in  some  cases  « 

relilled,  which,  of  course,  multiplied  the  error  , 

of  reading.  In  other  cases,  where  the  amount 
of  thiosulphate  was  approximately  known,  a 
sufficient  quantity  was  added  to  the  beakers 
from  calibrated  pipettes  of  various  size,  so 
that  the  additional  amount  required  should  be 
less  than  50*^*^.  This  is,  of  course,  less  exact 
and  impractical  as  well,  unless  the  amount 
required  is  approximately  known. 

in  the  later  determinations  a  bulb  burette, 
tig.  2,  wafi  employed.  This  contained  6  bulbs, 
each  of  approximately  25^  ca})aeity,  connected 
by  small  tubes  of  about  2  to  3'""'  internal 
diameter.  At  about  the  middle  of  these  tubes 
marks  were  etched  in  such  a  way  as  to  permit 
readings  without  error  of  parallax.  The 
smallness  of  the  tubes  prevented  tilling  the 
burette  from  the  top  and  to  avoid  the  uncer- 
tainty of  rubber  connections  a  small  side  tube, 
also  about  2  to  3™™,  terminating  in  a  funnel, 
J,  was  sealed  on  and  supported  by  a  section 
of  cork  as  shown.  A  linger  placed  on  a  as 
the  liquid  is  poured  into  h  regulates  the  flow, 
so  that  air  bubbles  are  not  carried  along  and 
the  burette  is  filled  quietly  and  accurately. 
Inclining  the  discharge  tube,  as  shown,  is  of 
great  advantiij^e  in  preventing  any  of  the 
grease  from  the  cock  soiling  the  interior  of 
the  burette,  a  very  troublesome  feature  of  the  usual  burette. 

The  readhigs  of  this  burette  are  naturally  extremely  accurate. 
It  was  employed  in  bleaching  the  larger  part  of  the  iodine. 
Experience  enabled  me  to  judge  from  the  color  about  when 
the  remaining  iodine  was  less  than  that  bleached  l>y  the  con- 
tents of  one  bulb.  If  there  was  any  difficulty  in  judghig  this, 
a  comparison  beaker  of  iodine  solution  could  be  emiHoyed. 
At  any  rate  the  50*^*^  burette,  with  which  the  titration  wiis  com- 
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pleted,  was  equal  to  two  of  the  bulbs,  and  no  difficulty  was 
experienced  m  keeping  within  that  limit.  In  case  of  acci- 
dentally overstepping  the  amount  of  thiosulphate  required,  a 
measured  volume  of  iodine  solution  may  be  added  and  the 
titration  be  repeated,  subsequent  deduction  being  made  for  the 
amount  of  thiosulphate  necessary  to  bleach  the  added  iodine. 

The  end  reaction  was  in  all  cases  taken  as  the  bleaching  of 
the  iodine  color,  without  starch.  This  in  itself  is  quite  deli- 
cate, and  I  have  invariably  been  able  to  read  it  to  a  small  frac- 
tion of  a  drop,  when  the  beaker  stood  on  white  paper  in  a 
good  indirect  light.  As  a  confirmation  of  the  reading,  5*^*^  of 
starch  solution  was  then  added  and  produced  a  faint  purple 
color.  The  delicacy  of  this  end  reaction  was  more  thoroughly 
appreciated  when,  after  a  number  of  titrations  had  been  made 
successively,  as  in  the  experiments  of  Table  III,  the  addition 
of  the  starch  produced  almost  precisely  the  same  shade  of  color 
in  all,  despite  the  fact  that  a  very  small  fraction  of  a  drop  of 
the  thiosulphate  produced  a  distinctly  perceptible  change  in 
the  color. 
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Table  III  is  a  record  of  a  number  of  determinations  of  the 
constancy  of  this  voltameter.  Two  or  more  of  the  cells  were 
connected  in  series,  and  the  conditions  in  each  varied  as  shown. 
The  time  of  run  for  1  to  8  inclusive  was  about  45  mins.,  for 
the  4th,  one  hour.  The  amount  of  hydrochloric  acid  (1 : 4) 
was  not  measured.  Enough  of  the  acid  was  drawn  in  to  insure 
the  covering  of  the  cathode  when  the  iodide  solution  was 
drawn  in,  and  to  keep  the  solution  acid  throughout  the  cxperi- 
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ment.  The  iodide  was  roughly  weighed.  No  correction  was 
made  for  the  blank  determinations,  nor  was  special  care  taken 
to  maintain  exact  constancy  of  temperature. 

Table  IV  shows  the  results  of  the  only  two  determinations 
that  were  made  by  three  of  the  iodine  voltameters  in  series 
with  each  other  and  with  one  normal  silver  gravimetric  volta- 
meter. The  original  readings  of  the  burettes  for  the  required 
thiosniphate  is  given  in  the  6th  column.  In  the  7th  column 
is  given  the  value  corrected  for  the  blank  determinations.  A 
number  of  blank  determinations  for  the  small  cell,  when 
5  grams  of  iodide  were  used,  gave,  with  the  blank  shown  in 
(2),  an  average  value  of  0-07*^'"  of  thiosulpliate,  which  is  the  cor- 
rection applied  to  all  of  the  small  cells.  The  large  cell,  with 
10  grams  of  potassium  iodide,  showed  an  average  value  for  a 
blank  determmation  of  0'21'*'  of  thiosulpliate.  This  is  three 
times  instead  of  twice  the  value  of  the  small  cell,  as  would  be 
expected  were  the  result  due  to  traces  of  iodate  in  the  iodide. 
The  uncertainty  as  to  the  amount  of  iodine  liberated  by  iodate, 
or  by  dissolved  oxygen,  or  by  possible  oxidizing  impurities  of 
the  acid,  make  it  rather  more  desirable  to  employ  known 
weights  of  the  iodide  and  known  volumes  of  the  acid  and  then 
to  correct  for  the  blank  determination,  than  the  alteniative  of 
securing  absolute  freedom  from  these  extra  sources  of  libera- 
tion of  iodine. 

In  the  silver  voltameter  employed,  the  cathode  was  a  plati- 
num bowl  about  8'"'  in  diameter  and  S'S*^"  in  depth.  The 
anode  was  a  silver  disc,  5*8'"'  in  diameter,  0*8"""  thick,  and  sup- 
ported by  three  platinum  wires  bent  over  its  edges.  This  was 
wrapped  in  filter  paper.  The  solution  wtu<  made  up  of 
20  grams  of  pure  silver  nitrate,  dissolved  in  U.MV^  of  distilled 
water.  The  deposited  silver  was  washed  with  water  and 
allowed  to  stand  under  water  over-night.  Then  washed  again 
with  water,  finally  with  absolute  alcohol  and  heated  for  4  lirs. 
in  an  oven  at  160°.  Then  allowed  to  cool  for  an  hour  in  a 
desiccator  before  weighing. 
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The  titrationft  in  the  experiments  recorded  in  this  table  were 
made  with  due  regard  to  all  possible  sources  of  error.  The 
solutions  were  brought  precisely  to  the  temperature  of  20°,  at 
which  temperature  the  room  was  maintained.  The  burettes 
had  l)een  tlioroughly  cleaned  with  chromate  solution,  and  of 
course,  ample  time  was  allowed  for  the  burettes  to  drain  to 
a  constant  reading.  The  results  show  that  the  iodine  voltam- 
eter, even  after  tiie  correction  for  the  blank  determinations, 
run  uniformly  higher  by  from  0*06  per  cent  to  '09  per  cent ; 
but  that  they  agree  among  themselves  to  an  order  of  accuracy 
of  about  1  part  in  10,000. 

Sloane  Physical  Laboratory, 

Yale  University,  June  5,  1905.  - 
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Art.   II. — The  Handling  of  Precipit<it^n  for  Sfilidion  and 
Peprecipitation  ;  by  t .  A.  Gooch. 

[Contribatione  from  tlie  Kent  Chemical  Laboratory,  of  Yale  TJniv. — ciiiv.] 

In  many  processes  of  analyticnl  chemistry,  the  preparation 
of  liubstaiiccs  in  pure  condition  is  brouf^ht  abont  by  precipita- 
tion, Bolntion,  and  repreeipitation  ;  and  sometimes  this  cycle  of 
operations  must  be  repeated.  When  a  precipitate,  gathered 
iijwn  a  filter,  is  easily  acted  npon  by  the  appn)i»riate  solvent, 
the  process  of  dissolving  the  precipitate  from  the  filter  ig 
simple;  but  when  the  precipitate  is  refractory  toward  solvents 
or  ditlicult  to  attack  on  account  of  its  phyMcal  condition,  as  is 
the  case  with  many  gelatinons  precipitates,  tJie  proper  hand- 
ling of  the  precipitate  involves  some  inwmvenienee  and  delay. 

in  meeting  such  ditficulties,  I  have  found  it  advantageous 
to  place  within  the  ordinary  paper  filter,  before  filtering,  a 
movable  lining  of  platinum  ganze  upon  which  the  precipitate 
rests  for  the  most  part  and  with  which  it  may  be  removed. 
The  simplest  form  of  this  device  is  easily  made 
hv  cntting  platinnni  gauze  to  the  sliape  shown 
in  the  aeeom)>anying  figure.  In  ordinary  use, 
this  piece  of  gauze,  folded  to  make  a  cone  of  i 
angle  a  little  less  tlian  tlu".  and  held  by  |>incers  I 
at  the  point  of  overlapping,  i.s  placeil  withiii  this 
filter  and  allowed  to  fit  itself  closely  by  the 
natural  spring  of  the  ganze  when  releiksed. 

Upon  filters  so  pivpared  a  jn-ccipitate  may  he 
collected  and  washeil  as  usual ;  and,  at  the  end  ^ 

of  the  oi>cration,  the  cone  witii  nearly  all  the  precipitate  mav  he 
transferred,  by  means  of  ivorv-pointed  pincers,  to  disli  or 
beaker  for  snitablc  treatment.  'The  small  amounts  of  the  pre- 
cipitate which  have  passed  thiwigh  the  gauze,  being  somewhat 
protected  by  the  ganze  against  the  ci->nipactiiig  action  of  filtra- 
tion and  washing,  are  gener-aJly  removable  with  ease  from  the 
filter  by  a  jet  of  the  washing-iiijuid.  After  washing,  the  gauze 
may  l>e  replaced  within  the  same  filter  and  serve  for  a  second  col- 
lection of  the  precipitate  to  he  subsequently  dissolved,  in  case 
double  precipitation  and  solution  are  desirable.  The  final  col- 
lection of  the  precipitate  is,  of  conrse.  made  upon  paper  with- 
out the  gauze  lining,  when  prei-ipitate  and  filter  arc  to  be 
ignited. 

This  device  has  proved  very  serviceable  in  the  handling  of 
6uch  precipitates  as  ferric  hydroxide,  aluminium  hydroxide,  and 
basic  acetate  precipitations. 


ty  be  removed. 
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1  have  used  also  in  the  manipulation  of  such  precipitates  a 
regularly  made  cone  of  60°,  fitted  with  eyelets  for  handling ; 
hut  the  simple  folded  cone  is,  on  the  whole,  more  convenient. 

Precipitates  collected  upon  asbestos  in  the 
perforated  crucible  are  frequently  removable 
withctut  diflSculty  by  allowing  a  suitable  solvent 
to  percolate  precipitate  and  felt;  but  in  case 
the  precipitate  is  pasty  or  compacted,  solution 
in  this  manner  may  be  unpleasantly  slow.  In 
such  cases,  it  is  convenient  to  remove  the 
greater  part  of  the  precipitate,  collected  and 
washed  in  the  usual   manner,  upon  a  disc  of 

Elatinum    foil,   perforated,  fitted  wn'th   a  wire 
andle,  as  shown  in  the  figure  and  placed  upon 
the  asbestos  felt  before  the  transfer  of  the  preci- 
pitate to  the  crucible.     To  make  such  a  disc, 
shown  in  figure  2,  is  the  work  of  a  few  moments 
only ;  and  by  its  use  pasty  precipitates,  such  as  cuprous  sulphocy- 
anide  or  the  sulphides  of  the  metals,  are  easily  handled  for 
solution. 

These  simple  devices  so  facilitate  the  manipulation  of  preci- 
pitates in  many  processes  of  analysis  that  they  have  seemed  to 
be  worthy  of  description. 
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Abt.  III. — The  Estimation  of  Sulphites  hy  Iodine  ;  by 

R.  Harm  AN  Ashley. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — cxxxvi.] 

Volhard's  method  for  the  determination  of  sulphur  dioxide 
and  sulphites  is  accurate  and  reliable,  but  involves  the  incon- 
venience of  making  up  every  solution  to  be  examined  accurately 
to  a  standard  volume  of  which  portions  are  to  be  drawn  from 
a  burette  and  made  to  react  with  definite  amounts  of  a  stand- 
ardized solution  of  iodine.  The  metliod  consists  in  running  the 
unknown  sulphite  or  sulphurous  acid  solution  into  a  known 
amount  of  a  standardized  sohition  of  iodine,  acidified  with 
hydrochloric  acid,  to  the  disappearance  of  the  iodine  reaction 
with  starch.  This  procedure  rests  upon  the  facts  that  the 
oxidation  of  sulphite  is  brought  about  in  the  acidified  solution 
and  that,  as  Bunsen  showed,  no  more  than  a  small  proportion 
of  hydriodic  acid  should  be  present  at  the  point  at  which  the 
l)odies  are  made  to  react.  The  reaction  for  the  oxidation  of 
sulphur  dioxide  proceeds  normally  in  dilute  solutions  according 
to  the  equation 

2S0,  +  21,  +  4H,0  =  4111  +  2II,S0^. 

In  solutions  too  concentrated,  however,  the  secondary  reaction 

S0,  +  4HI  =  21,  +  211,0 +  S 

takes  place  as  Volhard  has  shown*,  and  vitiates  the  indications. 
To  avoid  the  inconvenience  of  the  Yolhard  method  it  has 
been  proposed  by  Ruppf  to  bring  about  the  oxidation  of  sul- 
phites by  treatment  with  an  excess  of  standardized  iodine  in  a 
solution  made  alkaline  by  acid  sodium  carbonate,  and  then, 
after  fifteen  minutes,  to  titrate  the  excess  of  iodine  by  sodium 
thiosulphate.  This  procedure,  however,  is,  as  has  been  shown 
by  RuflE  and  Jarochij:  and  by  the  present  writer,^  faulty  in 

Erinciple  and  practice,  and  gives  correct  results  only  by  a  chance 
alancing  of  opposing  errors.  Theoretically  it  might  be  possi- 
ble to  overcome  the  difliculties  by  treating  with  acid  the  alka- 
line mixture  of  iodine  and  sulphite  and  acid  sodium  carbonate 

♦Ann.  Cbem.  242,  93. 
t  Ber.  Dtch.  Chem.  Qes.  xyxv,  3694. 
1  Ber.  Dtch.  Chem.  Ges.  xxxviii,  409. 
gThis  Jonmul,  vol.  xiv,  p.  237. 
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before  attempting  to  titrate  by  sodium  thiosulphate  the  excess 
of  iodine. 

In  the  experiments  recorded  in  the  table  the  following  proce- 
dure was  followed :  the  sulphite  was  treated  with  1  grm.  of 
acid  sodium  carbonate  and  an  excess  of  standardized  iodine 
sohition.  The  soUition  was  then  acidulated  with  a  safe  amount 
of  hydrochloric  acid,  it  having  been  found  by  experiment  that 
the  presence  of  10"^*  of  1 :  4  hydrochloric  acid  in  125^'"*  of  water 
was  witliout  effect  upon  tlie  determination  of  iodine  by  sodium 
thiosulphate.  The  excess  of  iodine  after  acidification  was 
titrated  by  standardized  sodium  thiosulphate.  It  will  be 
noticed  that  in  the  experiments  recorded  under  A  of  the  table, 
the  excess  of  iodine  used  was  small  and  in  these  experiments 
large  negative  errors  are  obtained  ;  while  in  the  experiments 
recorded  under  B,  in  which  a  large  excess  of  iodine  was  employed, 
the  results  are  better.  Ttiey  are  best  when  at  least  twice  as 
much  iodine  is  added  as  is  tlieoretically  required  to  oxidize  the 
sulphur  dioxide.  The  length  of  time  during  which  the  iodine 
may  act  does  not  affect  the  results  to  any  very  marked  degree- 
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Ruff  and  Jarocli*  take  the  ground  that  in  tlie  favorable 
results  occasionally  obtained  by  Rupp's  process,  an  error  due 
to  the  over-oxidation  of  the  tetrathionate  normally  formed  in 
the  action  of  sodium  thiosulphate  upon  the  residual  iodine  is 
apparently  balanced  by  some  oxidation  of  sulphur  dioxide  by 
dissolved  air,  the  iodine  in  solution  acting  catalytically  as  well 
as  directly.  The  theory,  however,  is  quite  at  variance  with  the 
evidence  supplied  in  the  table :  for,  if  it  were  true,  under  no 
conditions  could  iodine  in  the  presence  of  air  act  as  a  correct 
measure  of  sulphur  dioxide,  as  it  apparently  does  when  used 
in  a  sufficiently  large  excess ;  nor  does  the  theory  of  the  cataly- 
tic action  of  iodine  explain  the  fact  that  when  a  greater  mass 
of  iodine  is  used,  under  conditions  otherwise  similar,  we  get  a 
larger  oxidation  of  sulphur  dioxide. 

The  most  obvious  explanation  is  that  at  a  low  concentration 
of  iodine  an  intermediate  oxidation  product  may  be  formed  and 
that  the  formation  of  this  product  may  be  ])rcvented  by  suffi- 
cient concentration  of  the  iodine.  It  is  not  unreasonable  to 
suppose  that  the  formation  of  a  small  amount  of  dithionate 
instead  of  sulphate  is  the  occasion  of  the  deficient  expenditure 
of  iodine  noted  when  the  concentration  of  this  element  is  low, 
and  that  tlie  dithionate  is  not  formed  appreciably  when  the 

*Loc.  cit. 


16  Ashley — Estimation  of  Sulphites  hy  Iodine. 

iodine  concentration  is  high.  The  dithionate  once  formed  is 
but  slowly  attacked  by  iodine,  and  that  is  apparently  the  rea- 
son why  long  standing  of  the  mixtures  containing  a  small  pro- 
portion of  iodine  does  not  result  in  complete  oxidation  of  the 
sulphite  to  sulphate.  From  these  considerations  it  will  be  seen 
that  the  secondary  error  of  Rupp's  process  may  very  probably 
be  due  to  the  formation  of  some  dithionate  from  the  sulphite 
where  the  concentration  of  the  iodine  is  low. 

The  practical  estimation  of  sulphurous  acid  or  a  soluble 
sulphite  may,  then,  be  accomplished  with  a  reasonable  degree 
of  accuracy  by  adding  to  the  solution  of  the  substance,  not 
exceeding  100*^'"'  in  volume  and  containing  a  gram  of  acid 
sodium  carbonate,  at  least  twice  as  much  iodine  as  is  theoreti- 
cally necessary  to  effect  oxidation,  acidifying  cautiously  with 
hydrochloric  acid,  and  determining  with  standard  sodium 
thiosulphate  the  excess  of  iodine  remaining  in  the  acidified 
solution. 

The  author  takes  this  occasion  to  thank  Prof.  F.  A.  Gooch 
for  much  kind  assistance. 
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Art.     IV.  —  Bevwion   of    the  Neio    York    Helderhergian 
Crinoids;'''  by  Mionon  Talbot.     (With  Plates  I-IV.) 

This  paper  treats  of  the  Crinoidea  of  tlie  Helderhergian  rocks 
of  ^^ew  York,  and  is  a  continuation  of  Dr.  George  H.  Girty's 
thesis,  "  A  Revision  of  the  Sponges  and  Coelenterates  of  the 
Lower  Helderberg  Group  of  New  York."  In  Dr.  Girty's 
paper,  the  term  "  Lower  Helderberg  "  included  the  Tentaculite, 
or  Manlius,  limestone;  but  here  "Helderhergian,"  as  proposed 
by  Clarke  and  Schuchert,t  is  used  to  incUide  only  the  Coey- 
mans,  or  Lower  Pentamerus ;  the  New  Scotland,  or  Delthyris 
Shaly  ;  and  the  Becraft,  or  Upper  Pentamerus. 

With  the  exception  of  the  work  done  by  Wachsmuth  and 
Springer,  who  probably  used  specimens  that  Hall  had  studied, 
the  crinoids  of  the  Helderhergian  rocks  of  New  York  have 
not  received  much  attention  since  Hall's  descriptions  were 
published,  in  1859.  Very  little  subsequent  collecting  has  been 
done,  and  for  the  most  part  the  forms  secured  have  been  speci- 
mens of  Ilora€erimi8  scoparius  and  Edriocrinus  jpocilUformia 
or  simply  stem  fragment*,  the  work  of  gathering  being  done  in 
the  New  Scotland. 

A  reopening  of  the  old  locality  at  Jerusalem  Hill  was  made, 
however,  in  1901,  by  Professors  Beecher  and  Schuchert ;  and 
a  new  locality  was  discovered  at  North  Litchfield,  both  of  these 
being  in  the  Coeymans  Umestone.  The  majority  of  fossils 
found  were  crinoids,  but  there  were  also  cystids  in  appreciable 
numbers  and  five  ophiuroids  representing  two  genera.  In  the 
fall  of  1903,  these  collections  were  increased  bv  more  material 
collected  at  the  same  localitv  bv  Mr.  C.  J.  Sarle :  so  that  in  the 
Yale  University  Museum  there  are  now  three  collections — one 
from  Jerusalem  Hill  and  two  from  North  Litchfield. 

The  first  of  these  consists  mainly  of  Ilomocrinus  scoparius^ 
though  it  contains  uncompressed  forms  of  (Jordyioc>rinus 
plfff?wsu8  and  several  good  specimens  of  Melocrinus paehydac- 
tyluH,  In  the  region  of  Litchfield,  the  Coeymans  limestone 
attains  a  thickness  of  one  hundred  and  fifty  feet  and  Homo- 

*  Tliis  paper  is  part  of  a  thesis  presented  to  the  Graduate  Faculty  of  Yale 
University  for  the  degree  of  Doctor  of  Philosophy,  in  June,  1904.  The 
larger  part  of  the  work  was  done  under  the  superv'ision  of  the  late  Professor 
Charles  Emerson  Beecher,  for  whose  help  and  inspiration  the  writer  wishes 
to  make  the  most  grateful  acknowledgment.  Type  specimens  have  been 
studied  in  the  Yale  University  Museum,  the  New  York  State  Museum  and 
the  American  Musenm  of  Natural  History  :  and  the  thanks  of  the  writer  are 
here  expressed  to  Professor  R.  P.  Wliitfield,  Dr.  J.  M.  Clarke,  Dr.  E.  0. 
Hovey  and  Mr.  H.  H.  Hindshaw,  for  courtesies  in  connection  with  the 
study,  and  to  Professor  Charles  Schuchert,  who  took  up  the  direction  of  the 
work  after  Professor  Beecher's  death. 

t  Science,  New  Series,  voJ.  x,  p.  876,  1899. 

Am.  Joub.  Sci. — Fourth  Series,  Vol.  XX,  No.  115.— July,  1905. 
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crhiuH  scopariuH  is  said  to  ran^e  from  tlie  Manlius  almost  to 
the  top  of  the  Coeymans.  Most  of  the  specimens  in  tlie  Yale 
collection  were  found  about  forty-six  feet  from  the  top  of  the 
section  in  a  twelve-inch  layer  containing  slabs  rich  in  /[oriu>- 
crinus  scoparius  and  also  specimens  of  Mdocrhnis  pa<'fnjdac- 
tulus,  Anomalocystites  corn  at us^  Lepocnniies  gehhanii  and 
tne  ophiuroids.  Cordylocnmis  i>lumosuH  is  abundant  in  the 
lower  bed  mentioned  later. 

The  collection  from  Xorth  Litchfield  is  chiefly  from  two 
horizons  and  is  extremely  rich.  One  of  these  beds  is  a  lime- 
stone four  inches  thick  in  which  are  specimens  of  Melocnnus 
nohilissimus  with  x^ry  lar^e  crowns  and  very  stout,  long  stems 
and  a  large  form  of  Cord yJocr nuts  plumosus  in  comparative 
abundance,  the  majority  of  the  individuals  showing  many  long 
cirri  crowding  around  the  calyx.  The  material  from  this  zone 
has  one  specimen  of  LepovnnUeH  gehhardi  and  several  of 
Jlomocrinns  scoparius.  Although  all  the  fossils  in  this  bed 
are  of  large  size,  especially  is  this  true  of  Melocrinns  nohilh- 
simus,  whose  columns  are  very  thick  and,  though  onlv  frag- 
ments, measure  from  fifty  to  seventy  centimeters  in  fengtli. 
This  is  long  for  I^aleozoic  crinoids.  Wachsmuth  and  Springer 
state  that  no  columns  over  three  feet  in  length  have  been  seen 
from  the  Paleozoic  and  that  generally  they  arc  not  over  one 
foot  long.*     Here  there  are  numbers  over  two  feet  in  length. 

The  other  horizon,  a  few  inches  higher  in  the  section,  lias 
furnished  slabs  covering  a  floor  space  of  some  sixty-five  scjuare 
feet,  slabs  that  are  literally  covered  with  crinoid  stems  and 
crowns.  Here,  too,  as  in  the  lower  bed,  are  stems  over  two 
feet  long.  The  forms  represented  are  MariaerlnvH  heecherl^ 
Melocrinus  nobilisifinms^  J/.  j^aidiydactyJuH^  Thysanocrinus 
arhoreseens  and  Cordylocrifnff<  j/fumosuff.  To  show  the  rela- 
tive abundance  of  these  species,  an  enumeration  of  the  indivi- 
duals on  the  slabs  was  taken  and  by  actual  count  there  were 
found,  of  Mariacrinns  heevheri  thirty -one  specimens,  of  Melo- 
crinuH  nobillsHiiiuis  six,  of  3f.  jxfc/iydacfyl us  onc^  of  Thymino- 
crinuH  arhoreHcenH  ten,  and  of  Covdylocrinui<  plumoHVi^  eight 
hundred  and  seventy-three,  making  a  total  of  nine  hundred  and 
twenty-one  specimens.  In  addition  to  these  are  numerous 
crinoid  columns,  several  gastropods  and  brachiopods  and  one 
cephalopod.  On  a  small  surface  of  six  square  feet  there  are 
three  hundred  and  twenty  crinoids. 

The  cover  of  this  bed  is  also  in  the  collection  and  it  is  esti- 
mated that  two-thirds  as  numy  uku'c  crinoids  are  on  its  lower 
surface.  This  enumeration  was  njade  before  anvthing:  was 
done  toward  developing  the  slabs  and  such  preparation  may 

•North  American  Crinoidea  Camerata,  vol.   i,  p.  39;  Mem.   Mns.  Comp. 
Zool.,  Harvard  CoUege,  vol.  xx,  Cambridge,  Ma^s.,  May,  1897. 
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double  the  number  now  visible ;  hence  in  this  one  collection, 
there  are  undoubtedly  more  crinoids  than  in  all  other  collec- 
tions from  New  York  combined. 

Tlie  following  species,  listed  by  Hall  from  the  Coeymans 
limestone  at  North  Litchtiehl,  liave  not  been  recognized  in  the 
Yale  material:  Mariacvinns  pauculactijlus  (probably  Melo- 
crinus pachydaetiflus)^  M,  ramosns,  Jt.phfmosus,  Platycrinus 
parvus  (probably  Cord ifloen min  phiniosuH^  P.  rarfiuloHus 
(seems  to  be  restricted  to  the  Cobleskill  zone  of  the  Manlius) 
and  P,  tentaculatus.  This  is  not  to  be  wondered  at,  however, 
as  a  slight  change  of  position,  horizontally  or  vertically,  often 
reveals  a  different  fauna;  and  as  Hall's  collections  represented 
gatherings  not  only  from  the  quarries  but  also  from  the  stone 
walls  about  the  town  of  Litchfield,  the  fossils  undoubtedly 
came  from  different  horizons  and  localities. 

In  the  classification,  nomenclature  and  terminologv  of  the 
crinoids,  Wachsmuth  and  Springer  have  been  followed  and  the 
reader  is  referred  to  their  works,  "  The  North  American 
Crinoidea  Camerata  "*  and  ""  The  Revision  of  the  Falieocri- 
noidea.''t 

Order,  Inadunata  Wachsmuth  and  Springer. 

Suborder,  Fistulata,  Wachsmuth  and  Springer. 
Family,  Cyathocrhndm  Roemer. 
Genus,  iro^nocrhius  Hall. 

Hoinocrinus  scoparius  Hall.     Plate  IH,  figure  3. 

Homocrinus  scoparius  Hall,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p.  102, 
pi.  1,  fipfs.  1-9. — Wachsmuth  and  Springer,  Rev.  Palieocr.,  Pt.  I,  1879,  p.  79; 
Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxi,  1880,  p.  302. — Bather,  Kongl. 
Svenska  Vet.  Akad.,  Handl.  xxv,  1893,  p.  105. 

In  the  collection  of  crinoids  from  Jernsaleni  Hill,  N.  Y., 
now  in  the  Yale  University  Musenni,  there  is  a  considerable 
number  of  slabs  showin^c  Ilomocrinus  scoparluH  in  abundance. 
These  slabs  vary  in  size  from  a  few  centimeters  to  over  half  a 
meter  in  length  and  the  surfaces  are  virtually  covered  with 
these  beautiful  fossils.  One  slab,  thirtv  centimeters  long:  and 
twenty-three  wide,  has  eighteen  specimens,  three  of  which  are 
complete,  that  is,  have  the  crown  and  the  whole  length  of  the 
cohimn,  including  the  distal  end.  Aside  from  these,  there  are 
four  other  stems  and  two  (possibly  three)  specimens  of  Anoma- 
locyntites  cornutus  on  the  same  slal).  ()n  other  slabs  from  the 
game  horizon  are  Melocrhiiis  jKirhydactylus^  Anojnalocystites 
€0}*nutuSy  Protaster  forhesl^  and  Pal tnan Item  sp.  (? ).    Manj^ 

*  Memoirs  of  the  Museum  of  Comparative  Zoolo^}'  at  Harvard  College, 
▼oIb.  XX  and  xxi,  with  Atlas,  Cambridge,  MassachiisettH,  May,  1897. 

\  Proceedings  of  the  Philadelphia  Academy  of  Natural  Sciences,  vols,  xxxi, 
xxxiii,  xxxvii  and  xxxviii. 
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of  the  specimens  of  Homocrinus  are  in  almost  perfect  condi- 
tion, and  where  the  fine  cirri  are  visible  on  the  stem  the  grace 
and  delicacy  of  this  species  are  well  shown  (pi.  Ill,  fig.  3). 

The  following  additions  are  made  to  Hall's  description  ; — 

Ventral  sao  strong,  elongated,  sometimes  three-fourths  as 
long  as  the  arms,  the  upper  part  composed  of  vertical  rows  of 
small  hexagonal  plates.  The  upper  end  of  the  sac  probably 
has  five  large  plates,  which  are  drawn  out  into  spines,  some- 
thing like  those  in  Seaphiocrinus  unicus.  Tliree  of  these 
spines  and  traces  of  a  fourth  can  be  seen  in  one  specimen,  and 
tneir  position  shows  that  a  fifth  was  probably  present  origi- 
nally. These  spines  are  not  scattered  irregularly  over  the 
upper  surface,  as  is  indicated  in  Hall's  figure.  Column  long 
and  slender,  consisting  of  irregularly  alternating  larger  and 
smaller  joints,  round  below  and  becoming  obtusely  angular  and 
enlarged  above.  Canal  small  and  round.  Shortest  column 
observed  4*''"  in  length  ;  longest,  which  is  still  incomplete,  15*^°* 
long.  Very  delicate  cirri  are  preserved,  but  in  no  specimen 
are  they  found  above  the  middle  of  the  stem.  Wherever  the 
distal  end  of  the  column  is  present,  there  is  a  coil  or  loop,  as  if 
the  stem  twined  around  some  support  (pi.  Ill,  fig.  3).  No 
indications  of  the  clustering  of  columns  mentioned  by  Hall 
were  seen  in  the  Yale  collection. 

Horizon  and  locality, — Common  in  the  thinly  laminated  or 
shaly  layers  of  the  Coeymans  or  Lower  Pentamerus,  at  Scho- 
harie, Jerusalem  Hill  and  North  Litchfield.  Hall  reports  the 
species  from  the  Manlius,  or  Tentaculite,  limestone,*  but  no 
such  specimens  have  come  under  the  writer's  observation. 

Cotypes  (used  by  Wachsmuth  and  Springer  for  the  revised 

fenus)  in  the  American  Museum  of  Natural  History,  from 
.itchfield,  N.  Y. 

Family,  Edriocrlnidije  n.  fam. 

In  the  specimens  of  Edriocvinus  under  observation,  there 
are  differences  that  at  first  seemed  to  have  specific,  if  not 
generic  value.  There  are  two  quite  common  forms — one  (No. 
1  and  No.  2)f  the  small  hemisj)herical  cups,  so  well  known  to 
collectors  in  the  Helderherg  Mountains ;  and  another  (No.  3) 
like  the  preceding  only  that  the  cup  has  a  prominent  band  or 
ring  around  the  upper  margin.  There  are  other  forms  that 
are  not  so  common,  however ;  and  they  can  be  divided  into 
two  groups,  or  even  three.  One  specimen  (No.  4)  about  twice 
as  high  as  the  common  ones  has  the  hemispherical  cup,  above 
which  and  fused  to  which  is  a  solid  band ;  and  above  this  still 
another  band  of  six  fused  plates,  twice  as  high  as  the  lower 

*Nat.  Hist.  N.  Y.,  Pal.,  vol.  Hi,  p.  103,  1859. 
t  Numbers  refer  to  those  on  pi.  IV,  figs.  1-6. 


TaJhot — New  York  HeMerhergian  Crinoids.  21 

band.  Another  individual  (No.  5)  does  not  show  the  first 
band,  and  the  second  is  broken  up  by  weathering  into  live 
comparatively  broad  plates  and  one  narrow  one.  The  next 
specimen  to  attract  attention  (No.  6)  resembles  the  one  just 
described  only  that  on  one  side  the  plates  succeeding  the  cup 
have  the  appearance  of  a  row  of  three  short  plates,  instead  of 
one  high  one. 

It  was  not  until  these  forms,  seemingly  so  different,  had 
been  most  carefully  compared  that  any  conclusion  concerning 
them  could  be  reached.  The  difficulty  was  due,  mainly,  to  the 
fact  that  in  most  cases  the  suture  lines  are  wholly  obliterated ; 
but,  with  a  trace  of  a  suture  here  and  another  there,  there  was 
something  on  which  to  base  an  interpretation.  The  following 
solution  is  offered  : 

The  genus  Agdssizocrlnus  is  said  to  be  dicyclic  because 
young  specimens  have  infrabasals,  although  the  latter  are 
obliterated  before  maturity  is  attained.  The  question  has 
arisen,  Why  may  not  the  same  be  true  of  Edriocrimcs?  By 
following  out  this  idea,  these  seemingly  distinct  forms  were 
reduced  to  two  whose  difference  is  simply  in  the  development 
of  the  basals,  which  in  one  group  are  inconspicuous  and  in  the 
other  are  enlarged  to  form  the  prominent  ring  or  band  men- 
tioned above. 

The  explanation  of  these  varying  specimens  is  as  follows  : 
No.  2  and  No.  5,  instead  of  being  monocylic,  are  dicyclic,  the 
infrabasals,  which  are  the  largest,  being  lused  with  tlie  basals. 
No.  3  shows  infrabasals  and  basals,  the  latter  being  very  promi- 
nently developed.  No.  6  has  infrabasals  and  fractured  radials, 
but  no  brachials.  This  conclusion  has  been  reached  by  com- 
paring opposite  sides  of  the  same  specimen.  Though  on  one 
side  there  seems  to  be  a  short  radial  followed  by  two  sl^ort 
brachials  in  each  ray,  the  other  side  shows  no  such  division  ; 
and  it  is  evident  that  the  apparent  brachials  are  due  to  the 
transverse  breaking  of  the  radials.  This  view  is  supported  by 
the  fact  that  the  anal  plate  is  as  high  as  the  radials  and  the 
apparent  brachials  combined.  No.  4  shows  all  the  plates  of 
the  calyx  and  furnishes  the  clue  to  the  others.  The  promi- 
nence of  the  basals  is  hardly  a  specific  characteristic  and  these 
specimens  are  all  left  in  the  original  species,  ^l  poclUiforwis, 
In  the  Yale  collection,  there  is  one  example  of  E,  saccuhis 
which  gives  faint  indications  of  the  presence  of  infrabasals, 
though  none  of  the  specimens  show  any  thickening  of  the  basal 

In  regard  to  classification,  these  forms  certainly  cannot 
belong  with  the  genus  Agassizoct'inus  in  the  family  Astylo- 
crinidse,  whevQ  Edriocrimis  was  placed  provisionally  by  Wachs- 
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mutli  and  Sprinp^er,*  because  there  are  no  supplennentarv  anal 

f)late8  in  the  calyx,  as  is  the  case  in  Agassizocrinn^.  Bather 
ists  the  genus  provisionally  under  the  order  Flexihili<h^\  an 
order  with  no  anal  plate  in  the  cup ;  but,  as  Edriocrinus  has 
such  a  plate,  the  genus  cannot  be  so  referred.  The  calyx 
structure  is  that  of  the  Cyathocrinidag  but  there  are  differences 
that  prevent  the  reference  of  Kdrioerinus  to  this  family.  The 
absence  of  a  column  is  one  of  these  differences  and  the  manner 
in  which  the  rays  divide  is  another.  In  Cyathocrinus^  which 
is  the  most  representative  genus  of  the  ftimily,  the  arms  in 
branching  spread  out  irregularly,  and  the  joints  are  generally 
higher  than  wide ;  while  in  EdriocAim^  the  joints  are  very 
short,  and  the  arms  branch  as  do  those  of  Ichthyoeriyius^  the 
divisions  remaining  in  contact  and  curling  inward.  The  arms, 
however,  do  not  form  a  part  of  the  calyx  as  in  the  last  named 
genus. 

Family  description, — Calyx  elongate.  Base  dicyclic,  prob- 
ably five  fused  plates  in  each  order.  Kadials  with  facets  for 
the  insertion  of  the  brachials  extending  across  the  whole  width. 
Arms  incurved,  seemingly  without  pinnules,  divisions  remain- 
ing in  contact ;  joints  much  wider  than  long.  Column  wanting, 
the  attachment  being  by  the  infrabasals  in  the  young  stages ; 
mature  forms  unattached. 

Genus,  £klrioert?ius  Hall. 
Edriocrinus  Hall. 

Edriocrimis  HaU,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p.  119;  15th  Kept. 
N.  Y.  St.  Cab.  Nat.  Hist.,  1862,  p.  115.— Meek  and  Worthen,  Geol.  Kept.  111., 
vol.  iii,  1868,  p.  119.— Wachsmnth  and  Springer,  Rev.  Palapocr.,  Ft.  I,  1879, 
p.  21,  Pt.  Ill,  1885,  p.  10,  and  1886,  pp.  192,  265,  286 ;  Proc.  PhUa.  Acad. 
Nat.  Sci..  vol.  xxxi,  1880.  p.  244,  vol.  xxxvii,  1886,  p.  282,  and  vol.  xxxviii, 
1887,  pp.  116,  189,  210;  N.  Am.  Cri.  Cam.,  vol.  i,  1897,  pp.  59  and  145.— 
Zittel,  Handb.  d.  Palneontol.,  I  Band,  1880,  p.  350. — P.  H.  Carpenter,  Ann. 
Mag.  Nat.  Hist.,  May,  1883,  p.  333.— Bather,  Kept.  Brit.  Assoc.  Adv.  Sci. 
for  1898,  p.  923 ;  A  Treatise  on  Zoologv,  1900,  Pt.  III.  The  Echinoderma,  p. 
191. 

uUnended  fjenene  description, — Caylx  directly  cemented, 
either  throuirhout  life  or  only  in  the  voung:  sta":es,  the  attach- 
ment  being  by  the  large  infrabasals.  The  cicatrix  very  large 
in  some  specimens  and  in  others  obliterated,  by  the  accunmla- 
tion  of  calcareous  matter  on  the  outer  surface  of  the  calyx 
plates.  Infrabasals  large,  their  height  being  from  one-half  to 
two-thirds  that  of  the  cup  as  ordinarily  found,  completely  fused 
so  as  to  destroy  suture  lines  and  to  make  the  number  of  plates 
uncertain.     Basals  five,  height  varying  in  proportion  to  tnat  of 

*Rev.  PaUeocr.,  Pt.  Ill,  p.  192,  1885,  or  Proc.  Phila.  Acad.  Nat.  Sci.,  vol. 
xxxviii.  p.  116. 

t  Rept.  Brit.  Assoc.  Adv.  Sci.  for  1898,  p.  923  ;  also  The  Echinoderma,  p. 
191,  1900. 


Talbot — New  York  Helderhergmn  Crinoids.  23 

tlie  infrabasals,  generally  so  fused  as  to  show  no  suture  lines  on 
the  outer  surface,  although  they  are  often  seen  on  the  inner 
side.  Upper  margin  scalloped  for  the  attaclinient  of  the  radials 
and  the  anal  plate,  lladials  iive,  large,  rectangular,  the  upper 
margin  excavated  sliffhtlv  for  the  attachment  of  the  brachials 
and  the  lower  curved  to  tit  into  the  concave  upper  nmrgin  of 
the  basals.  An  anal  plate  half  as  wide  as  the  radials  and  a 
small  plate  above  it  furnish  all  that  is  known  of  the  anal  area. 
Ventral  surfa<5e  unknown.  Arms  known  in  only  one  species, 
E,  saccvi'Us^  where  they  consist  of  very  short  transverse  plates 
and  bifurcate  several  times,  but  show  no  trace  of  pinnules. 
Genotype^  E,  pocilliformis  Hall. 

Edriocriims  pociUlformis  Hall.    Plate  IV,  figures  1-6. 

EklriocHn\i8  pocilliformis  HaU,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,18t)9,  p.  121, 
pi.  V,  figs.  8-12.— Meek  and  Worthen,  Geol.  Kept.  lU.,  vol.  iii,  1868.  p.  370, 
pi.  7,  figs.  5a  and  5b. — Wachsmuth  and  Springer,  Rev.  Paljeocr.,  Pt.  Ill,  1886, 
p.  266;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxviii,  1887,  p.  190. — Keyes, 
Geol.  Surv.  Mo.,  vol.  iv,  1894,  p.  231,  pi.  xxx,  fig.  7. 

Amended  specijio  descrl/ption. — Infrabasals  present  but  so 
fused  that  their  number  is  uncertain.  Height  from  one-half  to 
two-thirds  that  of  the  cup  as  ordinarily  found.  Basals  five, 
completely  fused  with  each  other  and  with  the  infrabasals  or 
distinguished  from  the  latter  as  a  narrow  protruding  band. 
Suture  lines  sometimes  apparent  on  the  interior.  Upper  mar- 
gin scalloped  for  the  attachment  of  the  radials  and  the  anal 
plate.  Height  about  half  that  of  the  infraba^^^als.  Kadials  five, 
often  as  high  as  the  infrabasals  and  basals  combined,  and,  like 
them,  fused  to  form  a  part  of  the  cup.  In  most  instances,  how- 
ever, the  suture  lines  between  the  radials  are  plainly  discernible. 
As  a  rule,  the  union  between  the  radials  and  basals  is  not  so 
strong  as  that  of  basals  with  infrabasals ;  and  the  cup  is  gener- 
ally broken  off  at  the  top  of  the  basals.  Since  in  no  specimens 
are  brachials  preserved,  the  union  of  brachials  wnth  radials  must 
have  been  still  weaker.  Anal  plate  as  high  as  the  radials,  but 
only  half  as  wide.  Radials  and  anal  gently  convex,  sloping  in 
all  directions  from  the  center  of  the  plate.  Arms  and  ventral 
disk  unknown.  The  attachment  scar  is  visible  on  a  number  of 
specimens,  and  in  some  is  a  short  distance  up  on  the  side  of  the 
cup,  rather  than  on  the  bottom. 

Horizon  and  locality. — Throughout  the  New  Scotland  lime- 
stone in  Helderberg  Mountains. 

Cotypes  in  the  American  Museum  of  Natural  IIist(u*y. 

Order,  Camerata  Wachsmuth  and  Springer. 

Family,  Thysanocrinithti  Wachsmuth  and  Springer. 

Genus,  Thysunocrinus  Hall. 

Thysanocrinns  arborescens  n.  sp.    Plate  I,  figure  2  ;  text-figure  1. 

Although,  in  America,  no  members  of  this  genus  have  been 
reported  above  the  Niagara,  a  number  of  crinoids  that  must 
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be  referred  to  this  genus  is  found  in  one  of  tlie  beds  of  the 
Coeymans  limestone  at  North  Litchfield.  The  generic  features, 
as  given  by  Wachsmuth  and  Springer,*  are  well  marked — the 
subglobose  calyx,  urn  or  bell-shaped;  infrabasals  five,  small, 
barely  protruding  beyond  the  column ;  basals  five,  the  posterior 
one  truncated  by  a  large  anal  plate ;  radials  five,  considerably 
larger  than  the  costals ;  costals  two ;  arms  ten  or  twenty,  rather 
strong  and  biserial ;  pinnules  long;  first  interbrachial  large, 
followed  by  smaller  ones;  anal  side  wider,  first  anal  plate  fol- 
lowed by  three  in  the  next  row. 

The  specimens  under  examination  lack  the  ridges  which  are 
so  conspicuous  in  marking  the  rays  in  most  of  the  species  of 
Thysanoerinu^ ;  their  plates  are  smooth,  instead  of  being 
sculptured  as  is  generally  the  case  in  this  genus,  and  the  column 
is  pentangular,  while  in  most  of  the  species  it  is  round.  The 
specimens  resemble  T,  liliiformis  more  closely  than  any  other 
species,  but  differ  from  it  in  the  pentangular  column  and  the 
absence  of  the  ridges  on  the  radial  series  of  plates.  Not  enough 
is  known  about  tlie  bifurcation  of  the  arms  in  T.  liliiformis 
to  make  comparison. 

Specific  description. — Calyx  subglobose. 
Surface  of  plates  smooth.  Infrabasalsfive, 
small,  projecting  slightly  beyond  the  col- 
umn. Basals  five,  large,  hexagonal,  the 
posterior  one  heptagonal  and  truncated 
above  to  receive  the  anal  plate.  Kadials 
five,  somewhat  larger  than  the  basals,  pen- 
tagonal. Costals  two,  half  as  large  as  the 
0  radials,  hexagonal,  the  second  smaller  than 

^^^^^^  the  first  and  supporting  on  its  sloping  upper 

^ I  O  margins   the   two   rows   of   distichals,  the 

^^^    ^  lower  three  of  w^hich  are  larger  than  the 

(^  succeeding  ones  and  are  embodied  in  the 

1  — D'  cf^lyx*  Interbrachials,  two  ranges  of  large 
gr^m  of 'E^ysanocnnul  plates  followed  by  smaller  ones.  Anal 
arborescens  showing  plate  large,  followed  l)v  three  much  smaller 
position  of   the  anal  ^i^^s  in  the  next  row.    Arms  biserial.    Each 

plates  and  first  bifur-  \  -r  j.  ai  i  *.  i  j 

cation  of  the  arms.        ^'^.V    bifurcates   on    ttie   seconu   costal   and 

again  on  the  fourteenth  distichal.  A  third 
bifurcation  occurs,  secmiuijflv  onlv  on  the  inner  branches  and  at 
different  intervals  in  the  different  arms,  varvintr  from  the  four- 
teenth  to  the  twenty-third  j)almar.  Pinnules  found  on  the  fifth 
distichal  and  continuing  to  the  tips  of  the  arms.  Column 
pentagonal.  Near  the  calyx,  the  joints  alternate  in  size;  but 
farther  down  the  stem  every  fourth  joint  is  larger.  In  a  speci- 
men in  wliicli  the  crown  is  29"""  in  length,  the  column,  though 
incomplete,  is  40*^""  long. 

*N.  Am.  Cri.  Cam.,  vol.  i,  p.   190,  1897. 
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This  species  is  associated  with  Melocrinus  nobilisshnus^  M. 
^achydactylus^  Mariacrhiua  heecheri^  and  Cardylocrinua  2>lit^ 

Horizon  and  locality, — Upper  third  of  the  Coeyraans  lime- 
tone  at  Xorth  Litchfield. 
Holotype  in  the  Yale  University  Museum. 

Family,  Melocrinidce  Roe  me  r. 
Subfamily,  Melocrinince. 

Genus,  Mariacrintis  Plall. 

In  re-<liagnosing  the  genera  Mariacrimis  and  MelocrinuB^ 
fVachsmuth  and  Springer  recognized  the  fact  that  the  arms  of 
he  former  remain  apart  and  do  not  form  the  tubular  append- 
ge  which  is  so  conspicuous  in  Melocrinus,  The  only  species 
n  the  Yale  collection  that  shows  this  characteristic  of  Maynu- 
rinus  is  a  new  species,  M,  heecheH^  in  which  the  proximal  end 
►f  tlie  ray  forms  a  tube  while  the  distal  end  is  divided,  the 
inns  diverging  conspicuously.  The  species  is  thus  seen  to 
lold  a  position  intermediate  between  Mariacrinua  and  Melo- 
Tiny  a.  As  the  features  of  the  former  are  more  strongly 
leveloped,  this  species  is  referred  to  that  genus. 

Genotype,  M.  plumoaus  Hall. 

Wariacrinus  heecheri  n.  sp.     Plate  I,  figure  3  ;  text-figure  2. 

This  species  bears  a  resemblance  to  Mehcrinus  nohllissimus 
)ut  differs  from  it  in  features  other  than  the  division  of  the 
•ays.  The  auxiliary  arm,  instead  of  being  comparatively  incon- 
picuous,  as  in  Melocrinus^  is  strong  and  prominent  and  lies 
ilongside  the  tube. 

The  joints  of  the  rays  are  longer  than  those 
)f  M.  nohilisaimus^  so  that,  although  the  arms  >OC^v 

ire  given  off  more  frequently  than  in  the  last  V5-''^^\ 

lamed   species,  they  seem  to  take   origin   at  y^^i^SS 

greater  intervals.     As  in  M.  nohilissimus^  the  pV'Tv^A 

tem  ioints  alternate  in  size,  but  thev  are  so  ^XS^ni^ 

•ery  thin  in  all  parts  of  the  stem,  and  especially  KL'*  /f 

o  near  the  crown,  that  there  is  no  difficulty  in  A-id 

letermining  this  form  by  the  column  alone. 
The  column  is  also  much  larger  in  proportion 
o  the  size  of  the  calvx. 

Speciji^  desctnption, — Calyx  small,  elongate,  •  Text-fignre  2.— 
>nce  and  a  half  as  lon^  as  wide,  the  increase  in  ^^^^  ®*^^^  '!^^'^". 
ddth  being  very  gradual.  Basals  wider  than  with  a,  6  and  c  as 
ong,  pentagonal,  not  forming  a  projecting  the  last  of  the  anal 
np,  but  continuing  the  width  of  the  column,  ^^"^f  ^^  plates  m 
ladials  five,  four  heptagonal  and  one  liexag-  ^  ^"^* 
nal.  Costals  two,  the  first  hexagonal,  njore  than  half  as  large 
s  the  radials,  and  the  second  smaller,  pentagonal,  and  support- 
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ing  two  rows  of  disticlials,  three  in  each  row.  The  last  distichal 
supports  two  rows  of  palmara,  whose  first  two  plates  are  con- 
nected. Above  this  point,  the  palmars  separate,  those  on  the 
outside  of  the  ray  forming  an  auxiliary  arm  which  lies  alongside 
the  ray  hut  is  not  connected  with  it.  The  inner  row  of  palmars 
joins  corresponding  plates  from  the  other  row  of  disticlials  to 
form  a  tubular  appendage  which  extends  for  a  short  distance 
only,  when  the  divisions  separate  and  remain  apart  to  the  end  of 
the  ray.  On  the  outer  side  of  the  ray,  arms  arise  from  every 
fourth  or  iiftli  joint;  but,  on  account  of  the  length  of  the 
joints,  the  arms  are  quite  far  apart.  The  arms  are  biserial  to 
tlie  end.  The  first  interbrachial  is  large,  hexagonal,  followed 
by  a  double  row  of  alternating  hexagonal  plates.  Anal  inter- 
radius  wider  and  ending  in  a  short  tJiick  tube  or  sac,  eom|X)8ed 
of  numerous  plates  which  seem  to  have  been  hexagonal  orig- 
inally. This  sac  is  seen  in  but  one  8i)ecimen,  where  the  plates 
are  very  poorly  preserved  (text-fig.  2).  Column  circular,  with 
diameter  large  in  proportion  to  the  size  of  the  calyx.  Distally 
the  joints  alternate  in  size,  but  near  the  calyx  they  are  very 
thin  and  of  nniform  thickness. 

Horizon  and  locality. — Upper  third  of  the  Coeymans  lime- 
stone at  North  Litchfield. 

Cotypea  in  the  Yale  University  Museum. 

Genus,  Melocrinus  Goldfuss. 
Genotype,  Maria critnis  nobilissimus  Hall. 
Melocrinus  nobilissimus  (Hall).     Plate  II. 

Man'aci'inus  nobilissimus  HaU,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p. 
105,  pi.  2,  figs.  1-5  ;  pi.  2 A,  fig.  1. 

Melocrinus  nobiluisi^nus  Wachsmuth  and  Springer,  Rev.  Palaeocr.,  Pt.  II, 
1881,  p.  122  ;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  296  ;  N.  Am. 
Cri.  Cam.,  vol.  i,  1897,  p.  295 ;  Atlas,  pi.  xxiii,  figs,  la,  2  and  8. — Bather,  A 
Treatise  on  Zoology,  1900,  Pt.  III.  The  Echinoderma,  p.  161,  text-fig. 
Ixxiv,  2. 

Sixteen  individuals  of  this  species  have  been  added  recently 
to  the  Yale  collections ;  yet,  since  the  type  specimen  is  so  nearly 
perfect,  very  little  additional  knowlediije  has  been  gained  from 
this  new  material.  Attention,  however,  may  be  called  to  a  few 
points.  One  specimen  shows  a  row  of  three  or  four  small 
plates  between  the  auxiliary  arm  and  the  tubular  appendiige. 
These  plates  appear  in  the  figures  given  by  Wachsmuth  and 
Springer,  but  no  mention  is  made  of  them  in  the  descriptions. 
They  seem  to  be  interpalmars,  though  it  is  possible  that  they 
belong  to  the  ventral  disk.  The  domelike  extension  of  the  anal 
series  of  plates,  which  is  also  figured  by  Hall,  is  seen  indis- 
tinctly in  one  specimen.  One  crown  has  a  colunm  attached, 
over  21''"  in  length  ;  while  another  column  on  the  same  slab, 
and  to  all  appearances  of  the  same  species,  is  over  69^""  long 
and  gives  no  indication  of  proximity  to  either  calyx  or  distal  end. 


Talbot — Neio  York  Helderbergian  Crinoids.  27 

Lt  North  Litchfield,  this  species  was  found  associated  with 
ruwrinu^  heechen^  MelocHnus  pachydaMyluH^  Cordylo- 
\us  plumosiif^^  Thysaiwcrhins  arbor esceni<^  Ilomocrinu^ 
^arius^  Lepocrinitts  gebhardi^  and  Dalmanites  sp.  The 
wrns  are  not  numerous,  but  judging  from  tlie  associated  frag- 
ats  of  stems  this  spot  must  have  been  very  favomble  to  the 
wth  of  Melocrinus  nobilissimus.  On  one  slab  about  four- 
1  inches  long  (pi.  II),  four  crowns  were  found  with  columns 
>nging  to  forty-six  more.  The  only  other  fossils  on  this  slab 
one  Conularm  and  two  Bryozoan  fragments. 
horizon  and  locality, — Coeymans  limestone  at  Litchfield 
[  North  Litchfield. 
lotypes  in  the  American  Museum  of  Natural  History. 

locrmns pachydactylus  (Conrad).     Plate  I,  figure  1. 

strocriniUs  pachydactylus  Conrad,  Ann.  Rept.  Pal.  N.  Y.,  1841,  p.  34. — 

ber,  Gteol.  Rept.  N.  Y.,  1843.  p.  347 ;  text-%.  6  on  p.  845. 

ariacrinxis  pachydactylus  Hall,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p. 

pi.  3,  figs.  1-4. 

ariacrinus paucidactylns  Hall,  ibid.,  p.  109,  pi.  3,  fig.  5. 
elocrinus  pachydctctylus  Wachsmuth  and  Springer,  Rev.  Palaeocr.,  Pt.  II, 
I,  p.  122;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  296;  N.  A. 

Cam.,  vol.  i,  1897,  p.  296,  pi.  xxiil,  figs.  4  and  5 ;  pi.  xxiv,  figs.  4a  and 

elocrinus  paucidactylus  Wachsmuth  and  Springer,  Rev.  PaUeocr.,  Pt.  II, 
,  p.  122;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  296;  N.  A. 
Cam.,  vol.  1,  1897,  p.  296. 
ctinocrinus  poly  dactyl  us  Bonny,  Schenectady  Reflector,  1835. 

Although  this  species  heretofore  has  been  considered  a  rare 
jil,  it  is  now  represented  in  the  Yale  University  Museum  by 
'teen  specimens.  Little  additional  knowledge  of  the  calyx, 
7ever,  uas  been  gained.  In  all  cases  where  the  distichals 
be  distingushed  from  the  other  plates,  their  mimber  is  two, 
aad  of  three.  The  former  number  agrees  with  all  previous 
ires;  yet,  in  their  description,  Waclismuth  and  Springer 
ce  the  distichals  three  in  number.* 

)ne  of  the  rays,  though  incomplete,  shows  nineteen  arms, 
ch  are  plainly  seen  to  l>e  uniserial,  not  biserial  as  previously 
sribed.  and  figured. f  The  actinal  side  of  the  rays  and  arms 
ws  the  ambulacral  groove.  As  to  the  number  of  brachials 
he  successive  orders  of  the  plates  of  the  rays,  careful  exam- 
:ioTi  of  the  specimens  at  Yale  yields  results  different  from 
se  reiiched  by  Wachsnmth  and  Springer.:}:  Brachials  of 
fourth,  lifth  and  sixth  orders  have  seven  plates,  and  the 
sequent  orders  seem  to  alternate  with  six  and  seven  to  the 

!^.  Am.  Cri.  Cam.,  vol.  i,  p.  296,  1897. 

^at.  Hist.  N.  Y.,  Pal.,  vol.  iii,  I8r)9,  p.  108,  pi.  3,  figs.  1-3  and  4a:  N. 
Cri.  Cam.,  Atlas,  pi.  xxiii,  figs.  4  and  5  ;  pi.  xxiv,  figs.  4a  and  4b,  1897. 
bid.,  vol.  i,  p.  1^97. 
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end  of  the  raj.  In  one  specimen,  small  dome-like  interpal- 
mars  show  between  the  auxiliary  arm  and  the  tubular  append- 
age, oceupyiug  the  same  position  as  in  J/]  nohilissimus^  but 
differing  in  form.  Stem  joint*  alternate  in  size  near  the  calyx, 
but  farther  down  the  column  every  fourth  one  is  larger.  One 
individual  has  a  stem  19*^  long,  which  makes  a  loop  at  the 
distal  end  about  2*5*"^  in  diameter.  Another  loop  not  more 
than  1^"*  in  diameter  has  two  complete  whorls. 

M,  pachydactylus  is  found  at  Jerusalem  Hill  with  Lepocri- 
nites  gehhardi  and  many  specimens  of  Ilomocrinus  scoparim; 
at  North  Litchfield  with  Mariacrinus  heecheri^  Mefocrinm 
nohilissirffus,  Thysanoonmis  arborescent^  and  Cordylocrmm 
pluinosus. 

Wachsmuth  and  Springer  regard  M,  paucidactylus  and  M. 
pachydactylus  as  synonyms,  but  give  no  reasons  therefor. 
Hall's  distinctions  are  the  narrower  calyx  and  the  fewer  and 
more  distant  arms  of  the  former.  The  specimen  figured  on 
pi.  I,  fig.  1,  is  very  narrow,  proving  the  width  of  the  calyx  to 
oe  variable.  The  greater  distance  between  the  branches  of 
the  arms  cannot,  in  itself,  be  considered  a  specific  difference ; 
and  tliere  seems  to  be  no  reason  for  referring  these  narrow 
specimens  to  another  species. 

Horizon  and  locality, — Near  the  base  of  the  Coeymans 
limestone  at  Schoharie  ;*  in  the  up])er  third  of  the  same  lime- 
stone at  Jerusalem  Hill  and  North  Litchfield. 

Family,  Plat ycr in  idee. 

Genus,  Cordylocrinus  Angel  in. 

Cordylocrinus  plumosus  (Hall).  Plate  HI,  figures  2  and  4;  text- 
figure  3. 

Platycrinus  plumosus  HaU,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  pp.  118 
and  148,  pi.  4,  figs.  1-5. 

Platycrinus  patTus  Hall,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p.  114,  pi.  4, 
figs.  6-9. 

Cordtflocrinus  jjlumosus  Wachsmuth  and  Springer,  Rev.  Palaeocr.,  Pt.  II. 
1881,  p.  01  ;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  285;  N.  Am' 
Cri.  Cam.,  vol.  ii,  1897,  p.  737;  Atlas,  pi.  Ixxv,  fig.  20. 

Cordylocriuus  parrus  Wachsmuth  and  Springer.  Rev.  Palaeocr.,  Pt.  II, 
1881,  p.  00:  Pruc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii.  1882,  p.  234;  N.  Am. 
Cri.  Cam.,  vol.  ii,  1897,  p.  737. 

Clcimttjtrrinus  plumosus  J fiekel,  Zeit.  d.  deutsch.  Geo).  Gesell.,  Band  xlix, 
1897,  Verhandl.,  p.  47. 

Clematvcrinus  parrus  Jaekel,  Zeit.  d.  deutsch.  Oeol.  Gesell.,  Band  xlix, 
1897,  Verhandl.,  y.  737. 

In  the  Yale  Musenni,  there  are  many  hundreds  of  specimens 
of  this  species ;  and  at  first  glance  it  seemed  that  substantial 
additions  conld  he  made  to  the  descriptions  already  given. 
Closer  examination,  however,  revealed  the  fact  that  in  only  a 

*  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  p.  109,  1859. 
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'ew  specimens  could  the  plates  be  distinguished.  It  also 
leemed  that  there  were  two  species,  the  fossils  differing  so 
nuch  in  size,  gibbosity  and  general  appearance ;  but  further 
»tudy  failed  to  reveal  any  real  differences.  Some  of  the  forms 
lave  a  hemispherical  calyx,  and  arms  only  three  or  four  times 
18  long  as  the  cup,  while  others  have  a  flat  cup  and  arms  five 
>r  six  times  as  long ;  and  yet  the  plates  of  the  calyx,  the  joints 
>f  the  arms,  the  pinnules  and  the  cirri  seem  to  be  the  same  in 
Jie  two  varieties. 

In  the  material  from  North  Litchfield,  the  lower  bed  has 
nuch  the  larger  forms,  all  of  which  are  compressed.  The 
upper  bed  has  an  abundance  of  the 
smaller  ones,  a  few  of  which  have  the 
ealyx  gibbous,  not  flattened.  The  speci- 
mens ifrom  Jerusalem  Hill  are  uncom- 
pressed and  small.  '  Wachsmnth  and 
Springer  consider  C,  parvus  the  young 
of  C\  plumosus;  and  it  may  be  that  it 
was  these  small,  uncompret^sed  specimens 
from  the  upper  crinoid  bed  tiiat  Hall 
had  under  observation  when  he  described 
the  former  species.  If  this  assumption 
can  be  proved,  it  niav  be  well  to  regard     t,    .  «        „     *     i 

j^.  *  '  '*^j.        r  ry      7  Text-figure  3. — Anal  sac 

a  parvus  as  a  variety  of  C\  phiniosus,  of  Cordyhcrinus  piumo- 
as  these  small  forms  occur  at  a  slightly  sus.  a,  rij^ht  postero-lat- 
higher  geological  horizon.  *'   f™l  radi»l ;  b  left  postero- 

17       Jr        i.     1        r  xi  •  •     i.1      lateral   radial:   c,   first  of 

From  a  study  of  the  specimens  in  the  ^^^^j  ^^^^  ^^  ^^^^^     ^  4 
1  ale  L  niversity  Museum,  the  following 

new  data  may  be  given  :  In  no  case  does  the  length  of  the 
column  exceed  once  and  a  quarter  that  of  the  crown,  which 
varies  from  5"'"  to  32°"".  A  large  majority  of  those  speci- 
mens which  retain  the  column  have  very  many  unusually  long 
eirri. 

Several  of  the  specimens  have  a  feature  which  Bather  states 
is  found  in  some  of  the  Camerata,  and  which  he  explains  as 
being  due  to  the  fusing  of  the  joints  of  the  arms.*  In  these 
forms  the  arms  are  composed  of  long  joints,  seemingly  single, 
with  the  upper  and  lower  surfaces  parallel  and  horizontal.  In 
parts  of  the  arm,  every  other  joint  beai*s  two  pinnules  on  the 
same  side  of  the  ray.  This  alternation  of  one-  and  two-pin nuled 
joints  does  not  extend  throughout  the  whole  length  of  the  ray, 
but  in  places  it  is  every  third  joint  that  has  this  peculiarity. 
Fowara  the  base  the  joints  are  normal,  that  is,  one-pinnuled. 
[11  his  description,  Hall  mentions  the  fact  that  some  of  the 
joints  have  two  pinnules ;  but  in  his  figure,t  he  represents  most 

•  A  Treatise  on  Zoology,  Pt.  III.  The  Echinoderma,  p.  116,  1900. 
t  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  pi.  4,  fig.  4,  1859. 
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of  ftueh  joints  as  made  of  two,  in  this  agreeing  with  Bather  s 
explanation.  The  specimens  under  examination,  although  one 
is  very  well  preserved,  do  not  give  the  faintest  trace  of  the 
separate  joints ;  yet  this  explanation  for  the  presence  of  the 
additional  ]>innnles  seems  to  be  the  most  rational  one  yet 
offered. 

Of  the  whole  number  of  specimens  examined,  only  one 
shows  the  anal  tube  mentioned  by  Hall.  This  tube  is  seen 
indistinctlv  in  the  photograph  (pi.  Ill,  tig.  4;  also  text-%. 
3).  The  length  of  the  tube  is  a  little  over  half  that  of  the 
crown. 

Horizon  and  locality, — Upper  third  of  the  Coeymans  lime- 
stone at  Jerusalem  Hill  and  at  North  Litchfield. 

Cotypen  in  the  American  Museum  of  Natural  History. 

Order,  Auticulata  Wachsmuth  and  Springer. 

Suborder,  Imi'INNata  Wachsmuth  and  Springer. 

Family,  Ichthyocrhndae  Wachsmuth  and  Springer. 
Genus,  Ichthyocrinns  Conrad. 
Ichthyocrinus  achucherti  n.  sp.     Plate  HI,  figure  1  ;  text-figure  4. 

Specific  deMcription. — Crown,  including  the  incurved  arms, 
an  inverted,  truncated  cone  with  stmight  sides.     Length  and 

breadth  ecpial,  10"'",  the  greatest  breadth 
being  at  the  point  where  the  arms  become 
free.  Infrabasals  not  shown.  Basals  five, 
pentagonal.  Radials  five,  hexagonal,  wider 
than  long.  Costals  three  in  each  ray,  wider 
than  long,  one  hexagonal,  the  other  two  pen- 
tagonal, the  upj)er  supporting  two  rows  of 
distichals,  the  first  three  ranges  of  which 
^  are  quadrangular  and  the  last  pentangidar 

^ll  '  \UV\  I  ^"<^1  followed  by  two  rows  of  palmars.  The 
^^  w;;^~^  ])almars  are  of  different  numbers  in  the  dif- 
^^^"^^^^^^^^       ferent  rays  and  even  in  different  parts  of  the 

same  ray.     Two  or  three  of  the  palmars  are 
included  in  the  cup.     Each  costal  and  each 
Text-fiK"rp  4.— Dia-   distichal  is  wi<ler  than  the  j)lat«  of  the  same 
gT&m  of  ichfhi/ocrinvs  ^^.^j^.,.  ]^^^]^^^y  j^^  ],^,^  j„  ^],^.  imlmars  there  is  a 

decrease  in  the  size  of  the  successive  plates. 
Anal  area  not  shown.  Arms  free  from  the  second  or  third 
palmar,  incurve<l.  Each  row  of  ])almars  divides  at  least  once, 
making  the  number  of  branches  forty.  (\>lumn  spreading 
slightly  at  the  point  of  union  with  the  crown.  Joints  of  the 
column  thill  and  equal  near  tlie  calyx,  alternating  below,  the 
larger  (jnes  about  three  times  as  high  as  tlie  smaller.  Length 
of  column  unknown. 
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A  single  individual  of  this  species  was  found  by  Professor 
Schuehert  and  was  presented  by  him  to  the  Yale  University 
Museum.  It  difiEers  from  other  species  of  the  ^enus,  principally 
in  the  shape  of  the  crown,  the  straight  sides  of  the  cup  being 
very  characteristic.  It  resembles  /.  hevis  more  closely  than  any 
other,  but  differs  from  that  species  in  the  divisions  of  the  rays 
and  in  the  fact  that  the  suture  lines  are  not  wavv. 

Horizon  and  locality, — Lower  third  of  the  New  Scotland 
limestone  near  Clarksville. 

Ilolotype  in  the  Yale  University  Museum. 

Too  little  is  known  of  the  following  Helderhergian  crinoids 
to  make  definite  statements  in  regard  to  their  classification  : — 

Genus,  Aspidocrinns  Hall. 

AspidocrinuB  callosus  Hall. 

Ait2*i(focrinv^  callosus  HaU,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p.  123,  pi. 
5.  fiffs.  18  and  14. — Wachsmuth  and  Springer,  Rev.  Palaeocr.,  Pt.  II,  1881, 
p.  2?8  ;  Proc.  PhUa.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  402. 

Aspidocri7iu8  digitatus  Hall. 

Aspidocrinus  digitatus  HaU,  Nat.  Hist.  N.  Y.,Pal.,  vol  iii,  1859,  p.  123,  pi. 
o,  figs  19  and  20. —Wachsmuth  and  Springer,  Kev.  Palajocr.,  Pt.  II,  1881,  p. 
228  ;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  402. 

Aspidocrinua  scutelUformis  Hall. 

Aspidocrinus  scutelliformis  HaU,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p. 
122,  pi.  5,  figs.  15-18. — Wachsmuth  and  Springer,  Rev.  Palneocr.,  Pt.  II, 
1881,  p.  228 ;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  402. 

These  species  of  Aspidocrimts  present  difficulties  that  are 
as  yet  unsolved.  Hall  described  the  forms  as  bases  of  crinoid 
cups,  but  Wachsmuth  and  Springer  listed  them  doubtfully  as 
crinoid  roots.  There  are  two  reasons,  at  least,  for  thinking 
that  they  cannot  be  crinoid  roots  or  basal  expansions  of  col- 
umns. If  they  are  basal  expansions,  the  concave  side  must 
l>e  the  under  side  and  this  must  have  rested  on  the  mud 
of  the  sea  floor.  One  specimen  of  A,  scutellifonnis  in  the 
Yale  University  Museum  has  a  bryozoan  attached  to  this  con- 
eave  surface,  proving  that  this  surface  could  not  have  rested  on 
the  mud.  If,  on  the  other  hand,  these  specimens  represent  the 
base  of  a  cup,  the  presence  of  the  bryozoan  might  be  explained 
by  supposing  that  its  growth  took  place  after  the  upper  part 
ot  the  dead  calyx  had  been  broken  oif  but  while  the  lower 
part  still  remained  attached  to  the  column. 

Again,  in  undisputed  examples  of  basal  expansions,  the  lower 
or  distal  joints  of  the  column  enlarge  and  the  segmentation  of 
the  column  is  continued  into  the  upper  part  of  the  enlarged 
base.  No  such  segments  are  visible  in  any  of  the  specimens 
in  question.     In  every  good  s[)ecimen,  there  is  a  clear-cut  cir- 
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cular  spot,  generally  dark-colored,  which  looks  like  the  point 
of  attachinent  of  the  cohinin  to  the  crown.  With  the  exoep;- 
tion  of  this  spot,  the  cleavage  lines  of  the  calcite  have  obliterated 
all  traces  of  organic  structure. 

Horizon  andhjcality, — At  the  base  of  the  Becraf  t  limestonei 
or  what  was  called  the  "Scutella  limestone,"  at  Clarkfivim 
Countryman  Hill  and  Schoharie. 

Genus,  Brachiocrhnts  llall. 

Brachiocriniis    {Iferpetocrinus  ?)    nodosaHus   Hall.     Plate   IV, 

figures  7  and  8. 

Brachiocrinus  » odo«artu a HaU,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p.  lU^ 
pi.  5,  figs.  5-7,  pi.  6,  figs.  1-3.  -  Wachsmntli  and  Springer,  Rev.  Paueoer., 
Ft.  II,  1881,  p.  229;  Proc.  PliUa.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  41t. 

Herpeiocriiius  noilosarius  Bather,  Am.  Geol.,  vol.  xvl,  1895,  p.  317. 

In  Hairs  description,  these  fragments  of  crinoids  are  consid- 
ered as  arms  or  parts  of  arms  ;  and  this  opinion  was  also  held  bj 
Wachsmuth  and  Springer,  in  188L.  In  1895,  Bather  brought 
arguments  to  prove  that  they  belong  to  colunms,  not  arms,* 
and  even  gave  a  revised  diagnosis  of  these  New  York  forms  as 
Herpetocrinvs  nodosa riun.  That  lie  is  not  so  certain  of  this 
classification  as  the  earlier  paper  would  indicate,  may  be  gath- 
ered from  the  fact  that  in  a  later  reference  to  the  fossil,  he  lists 
Brachiocrhius  as  doubtfully  synonymous  with  HerpetoerinusA 

Among  other  points  in  support  of  his  first  view,  he  remarks 
that  "  cirri  comi)osed  of  thick,  beadlike  joints  which  increase 
in  size  from  the  base  to  the  middle  and  thence  diminish  to  the 
extremities,"  characteristic  of  this  species,  are  also  found  in 
HerpetocrhuiH  fahelHforrnh^  which  occurs  in  the  uppeimost 
beds  of  the  Silurian  of  (xotland.J 

Most  of  the  specimens  in  the  Yale  collection  are  so  encrusted 
with  silica  that  it  is  very  difficult  to  get  anything  but  general 
outlines;  but  one  specimen  is  in  fairly  good  condition  and 
clearly  shows  the  joints  of  the  column  and  the  cirri.  The 
joints  are  slightly  wedge-form  and  <|uite  thin,  giving  to  the 
fossil  an  irregular  appearance,  which  is  still  further  increased 
by  the  difference  in  the  size  of  the  joints  of  the  cirri.  The 
diameter  of  the  cirri  is  so  o:reat  that  onlv  everv  third  or  fourth 
joint  is  cirrus-bearing.  The  bulb-like  process,  varying  in  sue 
and  shape,  is  shown  in  several  specimens  at  the  enu  of  the 
column.  The  <|uestion  has  arisen  whether  this  bulb  is  at  the 
base  of  the  stem,  or  whether  it  is  siniply  a  thickening  8ome- 
where  between  the  proximal  and  distal  ends.  If  the  latter 
were  the  case,  the  central  canal  should  show  at  both  ends  of 

*  Am.  Geol.,  vol.  xvi,  p.  2i;5,  1895. 

f  A  Treatist)  on  Zoology.  Pt.  ill.     Tho  Echiiiodermn,  p.  146,  1900. 

X  Am.  Geol.,  vol.  xvi.  pp.  215  and  210,  1895. 


FlQDRE  1 . — Mtlocrinxis  pachydactytus. 
FiauBB  2, — Thyia  noeriiius  arbometnx. 
FlouBK  3.  —  Siariacrinus  bcccheri. 
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FinuRE  \.—lcltlhtiotriiiitr  nchatherli. 
FtuL'iiKK  'i  mill  i.—CordjiltK-riiiunpliimaiui. 
FiuuHE  3.— Stpin  of  Hoinocrinm  )iii)i)()riuK. 
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tlie  specimens.  Although  one  individual  shows  the  canal  very 
well  at  the  distal  end  of  the  cirri  and  the  proximal  end  of  the 
stem  fragment,  tliis  canal  is  not  visible  at  the  distal  end  of 
the  bull)  on  any  individual  under  observation.  A  small  depres- 
sion on  one  specimen  looks  like  a  cicatrix  of  attachment. 
Several  individuals  have  the  crescentic  form  of  the  joints  of 
the  column,  as  in  Ilevpetocrinus, 

Horizon  and  locality, — Lower  part  of  the  New  Scotland 
limestone  in  the  Helderberg  Mountains. 

Cotypes  in  the  American  Museum  of  Natural  History  and 
the  New  York  State  Museum. 


EXPLANATIONS  OF   PLATES. 

Plate  I. 

Figure  1. — M^focrinus  pachydactyitis.     About  natural  size. 

Figure  2. — Thysanocrinus  arborescens  showing  the  hexagonal  column  and 

the  branching  of  the  arms.     About  natural  size. 
Figure  8. — Alariacrinus  beecheri  showing  the  thin   stem  joints   near  the 

crown  and  the  separation  of  the  two  parts  of  the  rays  toward  the  distal 

end.     About  natural  size. 

Plate  II. 

Slab  containing  stems  and  crowns  of  Melocrinus  nohiiissimus.  Reduced  a 
little  more  than  one-half. 

Plate  III. 

Figure  1. — Ichthyocrinus  schncherti  showing    the    characteristic    straight 

sides  of  the  crown  and  the  straight  suture  lines,      x  2. 
Figure  3. — Cordylocrinus  plumosus  showing  the  long,  crowding  cirri  and 

the  one-  and  two-pinnuled  joints  of  the  arms,      x  2. 
Figure  3. — Distal  end  of  the  stem  of  Homocrinus  scoparius  showing  the 

coiling  and  the  delicate  cirri,      x  2. 
Figure  4, — Cordylocrinus  plumosus.     The   upper  specimen   on   the    plate 

shows  the  anal  sac.      x  2. 

Plate  IV. 

Figures  1-6. — Edrioci^inus  pocilliformis.      x  2. 

Figures  1  and  2. — Simple  ordinary  forms,  basals  and  infrabasals  fused. 

Figure  3. — Cup  showing  fused  basals  as  a  prominent  ring,  also  cicatrix  of 
attachment. 

Figure  4. — Cup  showing  ring  of  basals,  not  protruding,  and  high  narrow 
radials. 

Figure  5. — Cup  showing  radials,  but  basals  indistinguishable  from  infra- 
basals. 

Figure  6. — Cup  showing  basals  and  infrabasals  fused  and  radials  fractured 
transversely. 

Figures  7  and  S,'~Brachiocnnu8  nodosarius.      x2. 

Figure  7. — Portion  of  the  column  showing  the  bulb  at  the  distal  end  and 
the  beadlike  cirri. 

Figure  8. — A  larger  bulb  with  the  first  joints  of  two  cirri  attached. 

Ax.  Jour.  Sol—Fourth  Seeies,  Vol.  XX,  No.  116.— July,  1905. 
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Abt.  V. — The  Petrographic  Province  of  Central  Montana  ; 

by  L.  V.  P1R88ON. 

Introduction. 

Definition  of  the  province. 

Consangninity  shown  by  minerals. 

Angite. 

Biotite. 

Hornblende. 

Feldspars. 

Absence  of  minerals. 
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Introduction. 

The  fact  that  in  certain  areas  of  the  world's  surface  the 
igneous  rocks  have  common  characteristics,  which  serve  to 
ally  them  together  and  to  define  them  from  the  rocks  of  other 
areas,  is  now  well  recognized  by  petrographers.  These  com- 
mon features  are  sometimes  expressed  in  the  minerals,  some- 
times in  the  chemical  composition  of  the  magmas  and  some- 
times in  peculiarities  of  texture,  but  usually  in  a  union  of 
these  qualities.  In  some  cases  these  features  are  clearly 
marked,  in  others  they  are  but  slightly  developed ;  neverthe- 
less, like  those  indescribable  characters  which  define  a  man  as 
belonging  to  one  nation  rather  than  to  another,  they  are  easily 
recognized  by  the  experienced  eye. 

The  formulation  of  this  principle,  that  the  rocks  of  a  given 
region  may  be  thus  genetically  related,  we  owe  to  Judd,*  and 
it  has  since  been  elaborated  and  applied  with  fruitful  results 
to  various  regions  by  Iddhig6,t  who  developed  it  under  the 
expression  ^^consanguinity  of  Igneous  roclcs,^^  Since  then  the 
idea  has  been  applied  to  various  regions  by  other  petrograph- 
ers ;  so,  for  example,  Lacroix  in  a  recent  very  interesting  memoir 
on  the  alkalic  rocks  of  northwest  Madagascar,  calls  attention 
to  the  great  belt  of  types  rich  in  soda  that  stretches  along  the 
eastern  coast  of  Africa.:}:  Of  all  the  various  areas,  however, 
where  the  consanguinity  of  igneous  rocks  has  been  studied  and 
these  relationships  pointed  out,  there  is  probably  none  better 
known  or  more  thoroughly  inv^estigated  than  that  of  South 

♦Quar.  Jour.  Qeol.  Soc,  1886,  vol.  xlii.  p.  54. 

t  Origin  of  Igneous  Rocks.  Bull.  Phil.  Soc.  Washington,  xii,  p.  128, 
1892. 

t  Roches  alcaline  de  Prov.  Petrograph.  d'Ampasindava  Nonv.  Arch.  d. 
Mns^nm,  4'"«  Ser.,  vols,  i  et  y,  1902,  1903. 
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Norway,  and  our  knowledge  of  this  region  we  owe  for  the 
greatest  part  to  the  keen  perception  and  untiring  lal)or6  of 
Brogger,  wlio  has  given  \\xq  results  of  his  work  in  that  fine 
series  of  monographs  which  have  become  classics  in  the  litera- 
ture of  petrograpliy. 

Tlie  fact  that  the  outlying  mountain  groups  east  of  the  main 
chain  of  the  northern  Rocky  Mountains  ai^e  composed  of  rocks 
of  a  special  character  rich  in  alkalies,  was  pointed  out  by 
Iddings*  in  the  work  already  referred  to,  although  at  that 
time  little  was  known  about  them.  Since  then  investigations 
and  studies  in  the  field  and  in  the  laboratory  by  a  number  of 
workers  have  thrown  a  flood  of  light  upon  this  region.  In 
the  Black  Hills  of  North  Dakota  the  work  of  Caswell,t  Jaggar,:^ 
Irving§  and  the  writer||  has  shown  a  prevalence  of  types  rich 
in  alkalies  with  soda  dominating  the  potash. 

In  Montana,  the  most  southern  of  the  eastern  outlying 
groups  fronting  the  great  plains,  is  the  Crazy  Mountains,  some 
of  whose  interesting  rocks  of  alkalic  types  are  known  through 
the  researches  of  Wolff.^  North  of  this  come  the  varions 
groups  studied  by  Mr.  Weed  and  the  writer ;  the  Castle  Moun- 
tains ;**  the  Little  Belt  Mountains ;++  the  Judith  Mountains  ;:}:J 
the  Highwood  Mountains  ;§§  the  Bearpaw  Mountains  ;ij||  the 
Little  Rock  vMountains^^  and  lastlv.on  the  border  line  between 
Canada  and  the  United  States,  the  Sweet  Grass  Hills,***  the  last 
of  the  outliers.  While  some  of  these  have  been  rather  thor- 
oughly investigated,  there  yet  remains  much  to  be  done.  The 
few  types  that  have  been  described  from  the  Crazy  Mountains 
by  Wolff,  and  its  mapff f  showing  the  vast  complexity  of  the 

*0p.  cit.,  p.  81. 

t  Microscopic  Petrography  of  the  Black  HiUs,  1876.  U.  S.  Geog.  and 
Geol.  Surv.,  Rocky  Mt8.  region.  J.  W.  Powell  in  charge.  Rep.  on  the  Black 
Hills  of  Dakota,  pp.  469-527,  Washington,  18b0. 

X  Laccoliths  of  the  Black  Hills,  21  st  Ann.  Rep.  U.  S.  Geol.  Surv.,  Pt.  iii,  pp. 
168-290.  1901. 

g  Geology  of  the  northern  Black  Hills.  Ann.  N.  Y.  Acad.  Sci.,  vol.  xii, 
No.  9,  pp.  187-340,  1899. 

I  Phonolite  Rocks  from  the  Black  Hills.  This  Journal,  8d  Ser.,  vol  xlvii, 
pp.  841-846.  1894. 

■j  Bull.  Geol.  Soc.  Amer..  vol.  iii.  pp.  445-452,  1892.  Bull.  Harv.  Mtis. 
Comp.  Zool.,  vol.  xvi,  pp.  227-288,  1898. 

♦♦Bull.  No.  189.  U.  S.  Geol.  Survev,  1896. 

ft  20th  Ann.  Rept.  U.  S.  Geol.  Surv.,  1900,  Pt.  iii.  p.  562.  This  Journal, 
8d  Ser.,  vol.  1,  pp.  467-479.  1895. 

ttl8th  Ann.  Rept.  U.  S.  Geol.  Surv.,  1898,  Pt.  iii,  p.  437-616. 

Sg  Bull.  287  U.  S.  Geol.  Surv.,  1905.  BiUl.  Geol.  Soc.  Amer..  vol.  vi.  pp. 
889-422,  1895.     This  Journal,  vol.  ii,  pp.  815-323,  1896. 

II  This  Journal,  4th  Ser.,  vol.  i,  pp  2^3-301,  351-362,  and  vol.  ii,  pp. 
186-148,  188-189,  1896. 

1i1[  Jour,  of  Geol.,  vol.  iv,  pp.  339-428.  1896. 
♦♦♦This  Journal,  3d  Ser.,  vol.  1,  pp.  309-813,  1895. 

fff  Little  Belt  Mountains  Folio,  Montana.  U.  S.  Geol  Surv.,  Geol.  Atlas  of 
U.  S.,  No.  56,  1899. 
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dikes  and  sheets  surrounding  the  main  stocks  of  granular 
rocks,  only  serve  to  awaken  general  interest  as  to  the  character 
and  relations  of  these  rock  masses,  and  it  is  to  be  greatly  hoped 
that  Professor  Wolflf  will  be  able  to  continue  his  studies  upon 
this  interesting  material  and  publish  his  results  for  the  benefit 
of  petrographers  and  for  the  understanding  of  the  region.  In 
the  Bearpaw  Mountains  the  researches  of  the  writer  upon  the 
material  collected  during  a  hurried  trip  through  them  by  Mr. 
Weed,  which  brought  out  such  a  variety  of  novel  types  of 
alkalic  rocks,  can  only  serve  to  demonstrate  that  this  relatively 
large  area  must  atford  a  fruitful  field  of  study  in  the  future; 
one  whose  complete  investigation  will  add  much  to  our  knowl- 
edge of  theoretic  petrology  and  yield  many  interesting  rock 
types. 

The  same  must  in  lanje  measure  be  true  of  the  Sweet  Grass 
Hills.  The  material  studied  by  the  writer  gave  types  much 
like  those  of  the  Judith  Mountains  witii  hints  of  alkalic  ones 
accompanying  them,  and  the  appearance  of  some  specimens 
forwarded  to  Mr.  Weed  would  seem  to  indicate  that  rocks  of 
tinguoid  habit  occur  there.  Adding  these  facts  to  Dr.  Daw- 
son's* descriptions,  it  would  seem  as  if  tiiey  might  consist 
largely  of  laccoliths  probably  with  accompanying  sheets  and 
dikes  similar  in  character  and  in  rocks  to  those  of  the  Judith 
and  Little  Rocky  Mountains  and  the  Black  Hills. 

Definition  of  the  province. 

That  part  of  this  great  region  which  has  been  studied  by  the 
writer,  and  with  which  he  is  therefore  most  familiar,  lies  in  the 
center  of  Montana  and  embraces  as  its  foci  of  igneous  activity 
the  Castle,  Little  Belt,  Judith,  Higiiwood,  Bearpaw  and  Lit- 
tle Rocky  Mountains.  Since  the  general  reader  cannot  be 
expected  to  be  familiar  with  the  geography  of  this  region  and 
the  disposition  of  these  groups,  their  arrangement  with  respect 
to  one  another  and  to  the  main  chains  of  the  Rockv  Moun- 
tains  is  shown  on  the  accompanying  sketch  map.  It  will  there 
be  seen  that  they  lie  in  a  roughly  oval  area  stretching  from 
the  northeast  towards  the  southwest,  about  150  miles  long  by 
about  100  broad,  in  the  middle  of  Montana  and  shown  on  the 
map  by  the  dotted  line.  It  is  this  region  which  it  is  here  pro- 
posed to  define  as  the  petrograpiiic  province  of  central  Mon- 
tana; the  consanguinity  and  general  family  relations  of  whose 
rocks  it  is  intended  to  describe. 

This  paper  then  may  be  considered  as  a  general  summation 
along  the  line  just  mentioned  of  the  work  of  the  writer  on 
these  different  mountain  groups,  presenting  the  broad  petro- 
logic   features  they   possess   in   common.     For   the   separate 

♦Rep.  Canadian  Geol.  Snrv..  1882-4,  Pt.  C,  pp.  16  and  45. 
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detaile  the  reader  is  referred  to  tlie  series  of  memoirs  upon 
them  whose  list  is  given  upon  a  foregoiii);  page. 

The  evidences  uf  couBaiiguinity  are  to  be  seen  in  two  ways, 
in  certain  mineral  peculiarities  and  in  the  chemical  composition 
of  the  magmas,  the  fii-st  lieing  dependent  upon  the  second 
in  conjunction  with  the  physical  coiiditioiis  attendant  upon 
crystallization. 


Couaangitimty  akoirti  by  minercda. 

AugU-e. — One  of  the  most  marlted  features  in  regard  to  the 
mineral  composition  of  this  composite  geographical  rock  fam- 
ily is  to  he  seen  in  tlie  augite.  This  has  been  already  pointed 
ont  by  Iddings,*  but  its  application  to  this  pmrince  is  worthy 
of  snecial  mention. 

Tiic  augite  is  of  a  distinct  green  color,  very  rarely  pleo- 
chroic.     It  varies  from  very  ]>ale  to  a  deep  green.     Brown  or 

{mrplish  aiigites  are  rare.  They  do  occur  in  some  of  the 
amprophyric  dikes  and  Hows  but  are  exceptional,  so  that  in  a 
great  preponderance  of  the  rocks  tiie  green  augite  distinctly 
rules.  Moreover  this  applies  tiirough  the  whole  series  from 
•Op.  cit.,  p.  131. 
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the  most  salic  to  the  most  femic  types,  the  depth  of  color 
usually  increasing  somewhat  towards  tne  ferromagnesian  pole. 
It  is  commonly  supposed  that  the  purplish  color  of  augite  is 
due  to  the  titanic  oxide  it  contains ;  and  while  this  perhaps  is 
true,  it  should  nevertheless  be  pointed  out  that  one  of  these 

fjreen  pyroxenes  from  the  shonkinite  of  Square  Butte,  ana- 
yzed  by  the  writer,  contained  over  a  half  per  cent  of  titanic 
oxide.  It  is  also  to  be  noted  that  titanic  oxide  occurs  in  all  of 
these  rocks,  gradually  increasing  with  the  iron  towards  the 
ferromagnesian  pole,  yet  the  rocks  towards  this  end  still  have 
the  strong  green  color  in  the  pyroxene.  This  is  especially 
noticeable  in  the  shonkinites  of  i  ogo  peak  in  the  Little  Belts, 
in  the  various  occurrences  in  the  High  woods  and  in  the  Beaver 
stock  and  elsewhere  in  the  Bearpaws,  the  TiO,  ranging  from 
0*75  to  1*50  per  cent,  the  silica  falling  as  low  as  46  per  cent  in 
the  latter  case.  The  occurrence  of  tliis  green  augite  through 
the  whole  series  is  more  strongly  marked  in  the  High  woods 
than  elsewhere  and  this  local  peculiarity  did  not  escape  Lind- 

?;ren's  notice  and  he  makes  especial  mention  of  it,*  not  only 
or  the  Highwoods  but  for  trie  other  groups  of  the  region 
with  which  he  was  acquainted.  There  is  no  notable  exception 
to  this  rule  in  any  of  the  Highwood  rocks  numbering  several 
hundred  occurrences  studied  Dy  the  writer,  no  matter  how  salic 
or  femic  the  types  may  be. 

This  green  augite  is  a  marked  feature  then  of  this  petro- 
graphic province,  and  in  this  respect  it  appears  to  differ  from 
many  other  well-marked  provinces  of  alkalic  rocks.  In  the 
exceptional  cases  mentioned  above,  the  augite  is  pale  brown, 
strong  purplish  colors  not  having  been  noted,  so  far  as  the 
writer  can  recall,  in  the  whole  province. 

In  the  salic  rocks  rich  in  alkalies,  aegirite-augite  appears : 
this  is  a  marked  feature  of  those  of  tinguoid  habit ;  aegirite 
itself  is  rare.  This  seems  to  be  due  to  the  dominance  of 
potash  over  soda,  as  will  be  shown  in  the  discussion  of  the 
chemical  peculiarities  of  the  province.  It  is  possible  that  the 
characters  of  the  pyroxene,  including  its  green  color  and  non- 
pleochroism,  are  also  due  to  this  general  chemical  character  of 
the  magmas. 

Biotite. — Throughout  the  province  the  biotites  are  the 
brown,  strongly  pleochroic  variety — ordinary  biotite.  The  red- 
brown  biotites  oi  the  theralite  rocks  found  in  the  Crazv  Moun- 
tains  to  the  southward  do  not  occur,  nor  the  pale  phlogopites 
of  the  rocks  rich  in  potash  of  the  Leueite  Hills  in  Wyoming 
as  described  by  Zirkelf  and  Cross.:):      In  some  exceptional 

♦  10th  Census  United  States,  vol.  xv,  p.  726,  1886. 
+  Micro.  Petrog.  40th  Parallel  Surv.,  vol.  vi,  p.  261. 

X  Igneous  Rocks  of  the  Leueite  Hills  and  Pilot    Butte,  Wyoming ;    this 
Journal,  vol.  iv,  1897,  p.  120. 


40    Pirsson — Petrographic  Province  of  Central  Montana, 

cases  of  the  larapropliyric  dike  rocks  the  biotites  have  darker 
borders,  otherwise  they  are  very  uniform  in  all  classes  alike. 

Hornblende, — This  mineral  is,  comparatively  speaking,  of 
limited  occurrence.  It  is  found  in  an  alkalic  type  in  Square 
Butte  syenite  (pulaskose),  and  in  the  trachyandesite  (adamel- 
lose)  flow  on  North  Willow  creek  in  the  High  woods,  and  in 
some  of  the  porphyries  composing  the  laccoliths  in  the  various 
mountain  groups  and  in  vogesite  dikes  in  the  Castle  and  Little 
Belt  Mountains;  but,  witli  these  exceptions,  when  it  occurs  it 
is  clearly  uralitic  after  augite.  In  this  province  augite  rules 
in  the  vast  majority  of  cases  and  even  in  the  quartzose  rocks 
(quardofelic  types)  it  appears  rather  than  hornblende. 

Feldspars, — It  cannot  be  said  that  there  is  any  specially 
marked  evidence  of  consanguinity  to  be  seen  in  these  miner- 
als so  far  as  the  author  is  able  to  detect.  They  do  not  present, 
for  instance,  any  such  remarkable  features  as  those  seen  in 
the  feldspai's  of  the  alkalic  rocks  of  south  Norway,  shown  in 
their  greatest  development  in  the  phenocrysts  of  the  rhombic 
porphyries.  It  is  to  be  noted,  however,  that  on  account  of  the 
tendency  for  potash  to  dominate  soda  in  the  magmas,  that 
orthoclase  or  soda-orthoclase  is  commonly  the  chief  feldspar. 
Albite  is  of  rare  occurrence,  even  in  the  strongly  alkalic  types 
free  from  plagioclase,  the  one  instance  which- is  an  exception 
to  this— the  porphyry  of  Lookout  Butte*  in  the  Little  Kockies 
— being  a  notable  exception.  On  the  other  hand,  it  is  an  inter- 
esting fact  that  in  spite  of  the  strong  predominance  of  potash 
feldspar  in  so  many  occurrences  of  all  kinds,  microcline  may 
be  said  to  be  absolutely  wanting  in  the  province.  It  is  prob- 
ably due  to  the  comparatively  recent  and  hypabyssal  character 
of  these  rocks  and  the  fact  that  they  have  not  been  subjected 
to  dynamic  pressures. 

Absence  of  minerals, — The  characters  of  a  petrographic 
province  are  shown  as  much  by  the  absence  of  some  minerals 
as  by  the  presence  of  others.  In  this  one  it  is  shown  by  the 
rarity  or  absence  of  minerals  caused  by  the  groups  of  rare 
earths — as  thev  have,  somewhat  infelicitouslv,  been  called, — 
that  is  minerals  marked  by  the  presence  of  zirconia,  thoria, 
cerium,  lanthanum,  didymium,  columbic  oxide,  etc.,  etc.  Even 
titanite  is  a  rather  rare  mineral  and  zircon  uncommon.  Expe- 
rience would  seem  to  show  that  it  is  chiefly  magmas  rich  in 
soda  which  these  oxides  accompany  and  that  the  potassic  domi- 
nance in  the  magmas  of  the  central  Montana  province  tends 
to  exclude  them  and  to  produce  rocks  lacking  in  the  interest- 
ing minerals  they  give  rise  to. 

♦Jour,  of  Geol.,  vol.  iv,  p.  422,  1896. 
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Consanguinity  ahowyi  in  textural  habit. 

In  some  cases  the  consanociiiuity  of  the  rock  faniilv  is  shown 
in  the  repetition  of  certain  textural  habits.  Thns  the  pseudo- 
leucite  basalts  of  both  the  Ilighwoods  and  the  Bearpaws 
closely  resemble  each  other  and  both  of  them  differ  in  habit 
from  the  leiicitic  rocks  of  other  regions,  from  those  of  Italy 
for  example.  A  most  marked  instance  is  also  seen  in  the 
minettes  of  High  wood  type  (phyro-biotitic-cascadose).  These 
occur  not  only  m  the  Highwoods  but  thirty  miles  to  the  north- 
east on  the  Missouri  Kiver  Mr.  Weed  collected  similar  rocks 
and  they  occur  doubtless  in  the  Bearpaw  Mountains.*  One  of 
these  from  the  Missouri  River  so  exactly  resembles  the  occurrence 
on  Williams  Creek  on  the  south  slope  of  the  Highwoods  and 
described  in  the  memoir  on  the  Highwood  rocksf  that  hand 
specimens  of  the  two  cannot  be  distinguished  from  one 
another.  So  too,  while  each  occurrence  of  shonkinite  in  the 
region,  in  the  Little  Belts,  the  Highwoods  and  the  Bearpaw 
has  its  own  peculiarities,  yet  taken  together  they  form  in  sum 
total  a  well  marked  family  group. 

In  the  salic,  feldspatliic  types,  on  account  of  their  simpler 
composition  these  evidences  of  family  relationship  are  less 
distinctly  marked,  and  yet  in  the  porphyries  composing  the 
laccoliths  in  all  the  groups  of  the  province,  there  aj>pears  to  be 
a  tendency  towards  the  repetition  of  a  type  with  a  certain  tex- 
tural habit  diflScult  to  describe  but  easily  recognizable.  It 
appears  to  be  largely  conditioned  by  a  certain  abundance,  size 
and  disposition  of  phenocrysts.  There  are  many  wide  excep- 
tions and  variations  of  this,  nevertheless  the  rule  holds. 

Chemical  evidences  of  consanguinity. 

The  strongest  evidences  wliich  show  that  the  rocks  of  these 
various  groups  belong  to  a  common  family  are  to  be  found  in 
comparing  their  chemical  compositions.  For  this  purpose  a 
sufficient  number  of  analyses  are  available  for  the  Castle,  Little 
Belt,  and  Highwood  Mountains.  For  the  Bearpaws  there  are 
enough  to  show  tlie  general  character  of  the  magmas,  though 
more  would  be  desirable.  For  the  Judith  and  Little  Rocky 
Mountains  there  is  only  one  for  each,  but  the  general  similarity 
of  the  types,  shown  by  their  petrographic  study,  is  sufficient  to 
indicate  that  they  must  agree  in  essential  chemical  charactei-s,  and 
as  the  rocks  are  of  very  similar  nature  and  of  simple  types 
the  two  analyses  must  sup|>lement  each  other  fairly  vvell. 
The  Moccasin  Mountains,  which  are  two  compound  laccoliths, 
are  practically  a  part  of  the  Judith  Mountains,  and  their  rocks, 

♦Judging  from  Drfwson's  description  (op.  cit.,  p.  46)  it  seems  probable 
that  the  same  type  also  occurs  in  the  Sweet  Grass  Hills. 

f  Igneous  Bocks  of  the  Highwood  Mts.,  Bull.  No.  237,  U.  S.  Geol.  Surv., 
1904,  p.  142. 
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as  shown  by  Lindgren's*  brief  description  and  by  specimens 
collected  by  Mr.  Weed,  are  mainly  composed  of  feldspar  por- 
phyries similar  to  tliose  of  the  Judith  Mountains. 

In  all  58  analyses  have  been  made  and  published  of  rocks  of 
this  province,  15  by  H.  N.  Stokes,  12  by  W.  F.  Hillebrand,  and 
one  by  W.  H.  Melville  in  the  laboratory  of  the  United  States 
Geolofijical  Survey ;  16  by  the  author  and  14  under  his  direction 
by  Messrs.  H.  W.  Foote  and  £.  B.  Hurlburt  in  the  laboratories 
of  the  Sheffield  Scientific  School  in  New  Haven.     It  is  not 
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worth  while,  however,  to  'five  all  these  analyses,*  for  some  of 
them  from  a  given  area,  tor  our  purposes,  would  be  merely 
repetitions  of  one  another,  and  in  this  ease  only  one  is  selected 
to  represent  this  variety  of  magma.  Only  the  essential  ele- 
ments are  given  and  consequently  the  summations  are  omitted. 
In  examining  these  tables  of  analyses  the  first  thing  that  is  evident 
is  that  in  general,  high  silica,  alumina  and  alkalies  go  together 
and  are  opposed  to  lime,  iron  and  magnesia.  This  is  of  course 
merely  a  general  truth  applicable  to  all  igneous  rocks  and  not 
a  special  character  of  the  province.  The  special  and  most 
obvious  feature  which  distinguishes  this  district  is  in  the  rela- 
tion of  alkalies  to  one  another  and  to  silica.  The  potash  domi- 
nates over  the  soda. 

General  laic  of  the  province, — Definitely  stated  it  is  this ; 
The  pet  rographic  province  of  central  Montana  is  characterized 
hy  the  fact  that  in  the  most  siliceous  magmas  the  percentages 
of  potash  and  soda  are  about  equal;  with  deer easiyig  silica 
and  increasing  lime^  iron  and  magnesia^  the  potash  relntively 
hicr eases  over  the  soda^  until  in  the  least  siliceous  magmas  it 
strongly  dominates.  An  inspection  of  the  tables  will  show 
that  there  are  but  a  few  partial  exceptions  to  this  law  in  the 
40  analyses  given,  and  since  all  which  are  exceptions  are  given, 
the  18  omitted  analyses  would  merely  add  the  weight  of 
additional  figures  to  the  truth  of  the  law. 

Application  to  the  region, — It  will  be  of  interest  now  to 
examine  this  more  in  detail  with  respect  to  the  various  moun- 
tain groups.  The  Castle  Mountains  lie  on  the  extreme  southern 
border  oi  the  province;  their  next  neighbor  to  the  south  is  the 
Crazy  Mountams  group,  and  an  examination  of  analyses  from 
that  districtf  shows  that  in  tlie  magmas  soda  strongly  dominates 
the  potash  throughout  the  series.  Tlie  writer  has  already  shownj 
that  the  general  Castle  magma  was  one  of  a  verv  salic  charac- 
ter, in  fact  that  of  a  granite,  and  that  femic  rocTcs  play  but  a 
small  role.  Thus  in  me  siliceous  tvoes  we  see  the  influence 
of  the  nearby  Crazy  Mountains'  magma ;  the  soda  here  slightly 
dominates  the  potash  ;  we  are  on  the  edge  of  the  province  and 
the  rocks  are  transitional.  The  relation  to  it  is  seen  however 
in  the  most  femic  type,  since  here  potash  dominates  the  soda. 
As  we  go  northward  from  here  into  the  province  the  Little 
Belt  rocks  came  next  and  its  characters  become  more  evident. 
In  percentages  potash  begins  to  rule  even  in  the  siliceous  types 
and  in  the  extreme  femic  types  this  peculiarity  is  strongly 
marked.  Only  two  exceptions  are  noted,  both  of  which  are 
given  and  both  of  which  are  narrow  dikes.     Their  exceptional 

*  They  mav  be  found  in  the  works  i)reviouslv  cited. 
+  BuU.  U.  S.  Geol.  Sur\'.  168,  pp.  120-124,  1900. 

t  Geology  of  the  Castle  Mountain  Mining  District.  Bull.  U.  S.  Geol.  Surv. 
189,  p.  188. 
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fosition  in  the.  Little  Belt  scries  has  been  already  discussed.* 
n  the .  siliceous  rocks  the  dominance  of  potash  as  one  goes 
toward  the  center  of  the  province  sometimes  expresses  itself 
more  strongly  ;  thus  in  the  granite  porphyry  of  Wolf  Butte 
on  the  extreme  northern  edge  of  the  Little  Belts  the  relations 
are  K,0  :  Xa^O  =  4-4 : 3'3,  as  shown  in  an  analysis  not  quoted 
above. 

Xext  north  bevond  the  Little  Belts  and  near  the  center  of 
the  province  are  the  High  woods,  and  here  its  charactei-s  reach 
their  highest  development.  The  most  siliceous  type  has  equal 
percentages  of  soda  and  potash ;  there  is  only  one  occurrence, 
the  syenite  of  High  wood  peak ;  in  the  others  the  potash  strongly 
dominates,  increasing  towards  the  femic  end  until  in  missourite 
it  is  4  to  1.  There  is  only  one  exception  in  this  grouj)  which 
has  been  found,  Xo.  28  in  the  table.  It  is  the  analcite  basalt 
of  Highwood  Gap,  occurring  in  narrow  dikes. 

The  genei'al  line  through  the  province  to  the  northward  now 
bends  to  the  east  tow^ard  the  Bearpaws.  Between  the  Bearpaws 
and  the  High  woods  there  is  an  occurrence  of  igneous  rocks  in 
small  stocks  and  dikes  on  the  Missouri  river.  They  have  not 
vet  been  throuffhlv  investigated,  but  the  studv  of  sections  made 
from  specimens  collected  by  Mr.  Weed  shows  them  of  femic 
types  like  those  occurring  in  the  High  woods.  They  are  in  fact 
largely  minettes  of  Hignwood  type,  as  previously  mentioned, 
and  all  their  characters  show  that  thev  closelv  conform  to 
the  general  law  and  that  potash  rules. 

Xext  beyond  these  come  the  Bearpaws,  in  which  the  general 
law  of  the  province  strictlv  holds.  It  is  to  be  noted  that  towards 
the  southern  side  the  roclcs  are  femic,  and  as  we  pass  through 
the  group  we  find  on  the  northeast,  on  the  edge  of  the  province, 
salic  (quardofelic)  types  occurring  in  laccoliths  again  as  in 
Eagle  Butte,  the  analysis  of  whose  rock  is  shown  in  Xo.  32. 
Again  here  as  on  the  southern  edge  the  soda  rises  until  it 
slightly  exceeds  potash. 

Southeast  of  here,  defining  the  edge  of  the  province  in  that 
direction,  are  the  Little  Rockies,  another  laccoHthic  intrusion 
of  salic  types.  There  is  some  variation  and  the  rocks  pa^s  into 
a  tinguaitic  phase.  Exactly  of  the  same  character  are  the 
Judith  Mountains ;  also  a  boundary  group  on  the  edge  of  the 
province,  of  salic  types  running  into  tinguaites.  There  is  as  yet 
only  one  analysis  from  each  of  these  groups,  one  of  a  granite  por- 
phyry from  the  Little  Kockies  Xo.  39  and  one  of  a  tinguaite 
(judithose)  from  tlie  Judith  Mountains.  Thus  they  supple- 
ment each  other  and  the  general  law  holds  true,  the  potash 
increasing  as  the  silica  falls.  It  is  also  to  be  noted  that  in 
neither  of  these  boundary  eroups  do  anv  femic  tvpes  occur. 

*  Petrography  of  the  Little  Belt  Mts.,  20th  Ann.  Rep.  U.  S.  Geol.  Surv.,  Pt. 
iii,  p.  576. 
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So  far  as  is  known,  the  Sweet  Grass  Hills  off  to  the  northwest 
agree  with  the  last  two  groups,  but  the  absolute  confirmation  of 
this  must  await  future  exploration  and  study.  Moreover 
they  are  somewhat  outside  of  the  general  area  under  discussion. 
In  this  connection  however  there  might  be  mentioned  Big 
Snowv  Mountain,  south  of  the  Judith  Mountains.  This  is  evi- 
dently  a  large  laccolithic  uphft,  and  from  the  Judith  Mountains 
the  heavy  white  Carboniferous  limestones  dipping  away  from  it 
are  clearly  seen.  Intelligent  mining  prospectors,  who  have 
searched  the  mountain  for  ore  deposits,  have  assured  me  that  it  is 
all  limestone  on  top  and  that  no  porphyry  is  exposed.  The  lacco- 
lithic roof  has  evidentlv  not  yet  been  eroded  away,  but  consid- 
ering  all  the  facts  of  structure  and  occurrence  in  this  province, 
there  can  scarcely  be  reasonable  doubt  that  a  concealed  body 
of  feldspathic  porphyry  lies  underneath  the  limestone  dome. 

Geographical  Arrangement  of  Magmas, 

From  what  has  been  already  said,  it  is  now  evident  that  there 
is  a  rather  orderly  arrangement  of  magmas  in  the  province. 
Around  the  outer  edge  they  tend  to  be  strongly  siliceous,  low 
in  lime,  iron  and  magnesia,  and  with  the  percentages  of  soda 
about  equal  to  those  of  potash,  and  these  magmas  have  usually 
marked  their  upward  movement  and  intrusion  by  the  formation 
of  laccoliths.  One  can  sav  in  truth  that  the  boundary  of  the 
province  on  the  south,  southeast,  east,  north  and  if  it  be  extended 
to  include  the  Sweet  Grass  Hills,  on  the  northwest,  is  defined 
by  laccolitlis  or  groups  of  laccoliths  of  a  rather  definite  type  of 
magma.  On  the  west  the  boundary  is  not  yet  well  known  and 
is  perhaps  not  so  clearly  defined.  At  all  events,  in  this  direc- 
tion it  is  eventually  cut  off  by  the  main  ranges  of  the  Rocky 
Mountains,  whose  magmas,  so  far  as  we  know  them,  are  of  a  quite 
different  character,  belonging  in  fact  to  the  granite-diorite  series 
whose  surface  equivalents  are  rhyolites,  andesites  and  basalts. 

On  the  border  line  of  the  province  thus  defined  femic  types 
are  rare  or  wanting.  When  they  appear,  however,  they  tend  to 
assume  the  regional  character  and  potash  rises.  As  we  approach 
the  center  of  the  province  they  become  more  numerous  and  of 
larger  volume  and  as  silica  sinks  the  potash  rises.  This  is 
shown  by  the  occurrences  of  monzonite  and  shonkinite  in  the 
Little  Belts  and  on  its  northern  edo;e.  Finally,  in  the  central 
portion  of  the  province  in  the  High  woods,  on  the  Missouri 
river  and  in  part  of  the  Bearpaws  the  magmas  are  distinctly 
femic  and  rocks  rich  in  fcrro-magnesium  components  form  the 
largest  masses,  are  most  numerous  in  occurrence  and  distinctly 
rule.  There  is  still  a  recurrence  of  salic  types,  but  they  are  of 
small  volume  and  of  diminished  importance. 
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This  arrangement  of  magmas  over  the  region  is  of  course  not 
so  well  displayed  as  if  there  had  been  outbreaks  of  lava  and 
igneous  intrusions  in  every  ten  square  miles  of  it  and  all  con- 
forming to  the  rule,  but  it  is  believed  by  the  writer  that  one 
who  reads  carefully  the  facts  previously  stated  and  studies  the 
map  must  be  struck  with  the  disposition  of  the  magmas  about 
a  common  center  as  shown  in  the  mountain  groups.  It  does 
not  appear  as  if  this  could  be  mere  chance  ;  on  the  contrary,  it 
certamly  seems  to  point  to  an  orderly  arrangement  of  things 
according  to  some  definite  cause,  whether  we  are  able  to  discover 
the  latter  or  not. 

Bearing  on  Differentiation, — It  will  be  noticed  that  this 
arrangement  is  contrary  to  what  obtains  in  most  cases  of  local 
differentiation  such  as  those  of  Yogo  and  Bearpaw  peaks  and 
Square  Butte  in  this  province,  in  which  the  border  zones  are 
femic  with  a  concentration  of  the  salic  components  towards 
the  center.  Washington*  has  shown  that  at  Magnet  Cove  the 
contrary  is  the  case,  the  outer  zone  being  more  salic  and  the 
inner  part  of  strongly  femic  types.  An  instance  of  this  also 
occurs  in  this  provmce  in  the  "  diorite "  intrusion  of  Castle 
Mountain  near  Blackhawk,t  which  at  the  center  is  a  monzonoid 
rock  with  56  per  cent  of  silica  and  grows  steadily  more  siliceous 
towards  the  periphery  until  it  becomes  a  quartzose  porphyritic 
type.  Other  examples  are  described  by  JBr(')gger:j:  in  Norway 
and  Ramsay  and  Hackmann§  in  Lapland. 

Washington  in  discussing  these  cases!  is  inclined  to  view 
them  as  results  of  processes  of  solution  and  crystallization  in 
which  the  magma,  composed  of  silica,  alumina  and  alkalies,  is 
the  solvent,  the  others  being  the  solutes,  and  the  solvent  being 
in  excess  tends  to  crystallize  first  at  the  outer  margins.  This 
might  explain  such  cases  of  local  differentiation  as  are  seen  in 
laccoliths  like  Square  Butte,  but  it  is  clear  that  it  could  not  be 
applied  to  whole  regions.  For  granting  for  the  moment  that  a 
parent  body  of  homogeneous  magma  can  form  diverse  smaller 
bodies  bv  some  process,  it  could  not  do  so  over  wide  areas  by 
one  of  solidification  ;  the  facts  demand  that  the  cleaved  products 
should  remain  liquid  though  these  secondary  bodies,  after  intru- 
sion into  place,  might  yield  diverse  products  by  crystallization. 
The  writer  is  not  inclined  to  believe,  on  the  other  hand,  that 
pure  molecular  flow,  which  Becker*[  has  shown  must  t^ke 
place  with  great  and  increasing  slowness,  can  be  a  sufficient 

*  Igneous  Complex  of  Magnet  Cove,  Bull.  Geol.  Soc.  Amer.,  vol,  xi,  p.  407. 
1900. 

tBuU.  139,  U.  S.  Geol.  Surv.,  pp.  134  and  140,  1896. 

JBrogger  :  Zeit.  £.  Kryst.,  vol.  xvi,  1890,  p.  45. 

^  Ramsay  and  Hackmaun  :  Fennia,  vol.  xi,  No.  2,  1894. 

1[Loc.  cit.,  p.  408. 

•[This  Journal,  vol.  iii.  p.  21,  1897. 
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modus  operandi  on  a  vast  scale.  But  within  limits  and  with 
suflScient  time  it  may  be  a  factor  of  importance,  and  com- 
bined with  convection  currents  and  forced  movements  on  a 
small  scale  due  to  the  passage  of  heated  gases,  and  on  a  large 
one  to  dynamic  movements  of  the  crust,  a  variety  of  agencies 
may  be  brought  into  play  which  may  be  suflScient  to  render  a 
body  of  homogeneous  magma,  even  if  of  considerable  size,  quite 
diverse  in  its  parts.  And  it  is  to  be  clearly  noted  that  this  is 
quite  independent  of  the  question  as  to  whether  the  magma 
snell  of  the  molten  earth  (supposing  there  ever  was  such  a  thing) 
was  ever  homogeneous  or  not.  This  is  purely  an  academic 
question  and  may  always,  as  at  present,  remain  a  matter  of 
mere  speculation.  Whether  it  was  or  not,  tlie  magmas  under- 
lying tlie  crust  are  different  now  in  different  regions,  and  this 
is  the  basic  fact  with  which  the  petrographer  has  to  concern 
himself. 

On  the  other  hand,  it  is  the  writer's  belief  that  it  would  be 
unreasonable  to  throw  away  such  indications  as  those  afforded 
above,  that  the  distribution  and  occurrence  of  igneous  rocks  are 
not  due  to  mere  chance ;  to  deny  they  are  governed  like  other 
things  in  nature  by  definite  laws  and  processes  ;  to  afl&rm  that 
they  are  caused  by  mere  haphazard  heterogeneity  of  the  under- 
lying magma,  and  to  thus  dispose  of  the  subject  by  relegating  it 
to  cnaos. 

In  regard  to  local  as  distinguished  from  regional  differen- 
tiation, we  know  something  of  the  conditions  and  occurrences 
most  favorable  for  its  operation  of  the  masjmas  in  which  it  is 
most  likely  to  occur  and  to  predict  some  of  the  probable  results 
of  its  operation .  But  in  regard  to  the  latter  it  does  not  seem 
to  the  writer  quite  reasonabte  to  assume  that  agencies  and  pro- 
cesses that  would  be  operative  on  a  small  scale  would  be  nec- 
essarily applicable  to  vast  bodies  of  magma  underlying  great 
regions.  The  writer  has  already  discussed  this  phase  of  the 
subject  in  another  place  and  it  is  not  necessary  to  repeat  it 
here.*  But  in  the  writings  and  speculations  of  many  petrog- 
raphers  a  good  deal  of  confusion  on  this  subject  appears  and 
the  differentiation  of  huge  "  magma  basins  "  presumably  cover- 
ing hundreds  and  even  thousands  of  square  miles,  is  discussed 
in  the  same  terms  and  with  appeal  to  the  same  supposed 
agencies  as  has  produced  visible  results  in  a  single  dike,  lacco- 
lith or  other  relatively  small  rock  body.  In  the  writer's  opinion 
this  is  wrong  and  will  only  tend  to  throw  discredit  upon  what 
has  so  far  been  produced  that  is  of  real  value.  It  must  be 
confessed  that  at  the  present  time  so  little  is  known  and  so 
much  remains  to  be    discovered  that  any  attempt,  from  the 

*Igneoti8  Rocks  of  the  Highwood  Mountains,  Bull.  237  U.  S.  Geol.  Surv., 
p.  183. 
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data  in  hand,  to  solve  the  problem  of  o^eneral  differentiation 
over  wide  reecions  must  be  a  mere  speculation.  While  the 
physical  chemist  therefore  is  attacking  the  problem  on  one  side, 
it  remains  for  the  petrographer,  on  the  other,  to  gather  data 
regarding  the  occurrences  of  igneous  rocks  and  their  interrela- 
tionships and  characters  over  definite  areas,  and  the  present 
article  can  be  considered  as  a  contribution  towards  this  end. 

The  Regional  Progression  of  Types, 

It  is  desired  to  call  attention  here  to  a  phase  of  the  occurrence 
of  rock  types  in  the  province  in  the  hope  that  petrographers 
may  observe  if  it  is  of  general  application  in  different  petro- 
graphic  provinces. 

In  lieu  of  a  better  name  it  may  be  called  the  regional  pro- 
gression oftypes^  and  the  idea  involved  in  this  term  is  as  follows  : 
while  in  a  giv^en  province  there  are  certain  family  characters 
serving  to  bind  the  various  rock  types  into  one  clan,  yet  from 
place  to  place  within  its  Umits  the  magmas  may  vary  greatly 
from  each  other,  and  there  may  be,  as  in  the  Montana  prov- 
ince, a  number  of  centers  with  complexes  of  their  own.  It  is 
so  to  speak  that  the  clan  is  made  up  of  a  number  of  families  each 
of  which  consists  of  individuals.  In  traversing  the  area  from 
one  family  to  another,  the  observer  will  note  that  certain  types 
wliicli  ai'e  rare  or  sporadic  in  the  fii"st  will  become  numerous 
or  even  dominating  ones  in  the  second.  Long  before  the  second 
family  is  reached  its  types  begin  to  appear,  and  as  the  area  is 
approached  they  are  likely  to  become  more  numerous,  then 
attain  their  greatest  frequency  and  die  away  beyond.  Thus 
there  is  an  overlapping  oi  types  and  the  rare  one  of  a  given  cen- 
ter of  igneous  rocks  becomes  the  common  one  of  a  neighboring 
center.  It  of  course  depends  upon  the  gradual  change  in  the 
character  of  the  magmas. 

Some  instances  of  this  which  have  been  observed  in  this  prov- 
ince are  as  follows.  In  the  Castle  Mountains  a  single  sporadic 
case  of  a  monchiquoid  rock  was  observed."^  Going  northward 
into  the  Little  Belts  they  begin  to  be  more  common,  and  the 
author  has  described  them  under  the  name  of  "  analcite  basalts,"f 
w-hile  still  farther  to  the  northward  in  the  Ilighwoods  these  are 
exceedingly  common  rocks.  They  occur  for  the  greater  part 
in  dikes  but  in  the  Highwoods  in  flows  also.  In  the  midst  of 
the  Castle  rocks  this  type  a])peared  out  of  place  when  consid- 
ered only  by  itself,  but  if  we  consider  it  not  as  a  member  of 
the  Castle  faniilv,  but  of  the  central  Montana  clan,  its  occur- 
rence  falls  into  order. 

*BuU.  139  U.  S.  Geol.  Surv.,  pp.  68  aud  lU,  1896. 

f  Petrog.  Little  Belt  Mte.,  20th  .Urn.  Rep.  U.  S.  Geol.  Surv.,  Pt.  iii,  p.  543, 
1900. 
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Again,  in  the  Castle  district  the  stock  at  Blackhawk  described 
under  the  name  of  "  diorite"  has  its  central  portion  developed 
as  a  monzonoid  facies,  as  may  readily  be  seen  by  reference 
to  its  description  and  analysis.*  In  the  Little  Belts  to  the 
north  monzonite  occurs  in  a  considerable  mass  at  Yogo  Peak,f 
and  in  the  HigliwoodsJ  and  Bearpaws§  it  is  a  prominent  type. 

Or  again,  shonkinitic  facies  of  rock  masses  are  found  at  Yogo 
Peak  in  the  Little  Belts  and  in  the  stock  at  the  head  of  Beaver 
Creek  in  the  Bearpaws,  while  in  the  Highwoods  this  rock  is  the 
common  type  and  found  in  numerous  masses. 

So  also  rocks  of  tinguoid  habit  do  not  occur  at  all  in  Castle 
Mountain  or  in  the  Little  Belts  in  the  southern  part  of  the 
province.  They  first  begin  to  appear  in  the  Highwoods  in  the 
middle  part;  here  they  are  rare,  only  a  few  occurrences  being 
noted,  but  in  the  Judith, ||  Little  Rocky*i  and  Bearj)aw**  Moun- 
tains which  define  the  northern  part  of  the  province  they  are 
very  common  rocks. 

Other  instances  might  be  cited  but  these  are  suflicient  to 
indicate  the  idea  involved.  It  Ls  in  intrusive  rocks  of  various 
kinds  of  occurrence,  and  perhaps  more  noticeably  in  dikes,  that 
this  progression  of  types  is  seen.  The  extrusive  rocks  do  not 
occur  so  generally  in  this  province  that  it  may  be  observed 
among  them. 

It  would  be  a  matter  of  interest  to  know  if  this  progression 
of  types  is  a  peculiarity  confined  to  this  province  and  occasioned 
by  the  local  distribution  of  magmas  or  whether  it  is  of  more 
general  application.  The  writer  has  observed  indications  of 
It  in  other  places,  as,  for  instance,  in  central  New  Hampshire, 
where  at  Red  Hill  and  Mount  Belknap  centers  of  alkalie  mag- 
mas occur.  These  are  indicated  at  long  distances  by  sporadic 
dikes  of  bostonoid  and  camptonoid  habits,  the  latter  becoming 
very  numerous  at  the  actual  centers.  But  outside  of  the  cen- 
tral Montana  area  the  writer  has  not  that  intimate  acquaintance 
with  other  broad  petrographic  provinces  which  is  necessary  to 
be  able  to  apply  this  idea  to  them,  and  it  must  be  left  to  others. 
It  would  seem  as  if  south  Norway  and  central  Italy  and  per- 
haps the  Bohemian  Mittelgebirge,  which  is  being  so  ably  inves- 
tigated by  Hibsch,  might  afford  good  examples. 

Sheffield  Scientific  School  of  Yale  University, 
New  Haven,  Conn.,  December,  1904. 

♦  Boll.  139,  p.  89.  t  Petrog.  Little  BeJt  Mts.  p.  475. 

X  Bull.  237,  p.  76.  i^  This  Journal,  vol.  i,  p.  355,  1896. 

11 8th  Ann.    Rep.  U.  S.  Geol.  Surv.  Pt.  iii,  p.  566,  1898. 
llJournal  Geol.,  vol.  iv.  p.  419,  1896. 
♦♦This  Journal,  vol.  ii,  p.  189, 1896. 
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Aht.  VI. —  Crooniia pau^flora  Torr.  An  auatomical  study; 
by  Theo.  Holm.  (With  one  figure  in  the  text  drawn  by 
the  author.) 

Many  years  ago  Croomia  was  considered  a  member  of  the 
BerheridacecB  and  an  ally  of  Berberis^  Caulophylhnn^  Diphyl- 
leia^  Jeffer%onia  and  PodophyJlxnn^  with  the  admission,  how- 
ever, that  the  examination  of  a  single  seed  did  not  disclose 
whether  the  plant  was  dicotyledonous  or  not,  and  that  the 
affinity  in  eitlier  case  remained  obscure.  Several  vears  later 
the  mistake  was  corrected  by  Gray  himself  and  the  genus 
referred  to  the  lioxhurghiaceiB.^  Besides  the  American 
species  there  is  another  one  in  Japan  :  C  Japonica  Mig.,  but 
these  two  are  the  only  ones,  known  so  far,  of  this  singular 
genus.  The  monotypic  Stichoneuron  and  the  small  genus 
Stemona  Lour.  {Ro3ct>urghia  Banks)  are  with  Croomia  the 
only  representatives  known  of  the  order.  Habitually  these 
genera  are  quite  distinct,  Stemona  being  a  tall  climber,  the 
others  low  herbs;  the  floral  structures  have  been  carefully 
described  by  Gray,  Bentham  and  Hooker,  and  Engler  and 
Prantl.  A  more  detailed  account  of  the  morphology  of  the 
flower  as  well  as  the  anatomy  of  the  vegetative  organs  of  some 
species  of  Stem^ona  has  been  given  by  Mr.  Lachner-Sandoval.:^ 
In  regard  to  Croomia  Gray  pointed  out  some  few  peculiarities 
in  the  stem-structure,  sumciont  to  prove  that  its  systematic 
position  would  have  to  be  sought  among  the  MonocotyledoneSy 
but  otherwise  the  genus  has  not  been  studied  from  this  particu- 
lar point  of  view. 

Having  received  some  fresh  material  from  Alabama,  we 
have  examined  the  internal  structure  of  the  vegetative  organs 
of  Croomi<i^  and  the  folloAving  notes  may  be  considered  as 
supplemental  to  those  of  Mr.  Lachner-Sandoval  for  illustrating 
the  comparative  anatomy  of  this  peculiar  little  order.  A  few 
remarks  upon  the  rhizome  may,  also,  be  inserted  at  this  place. 

As  stated  above,  Croomia  paucifi or  a  is  a  low  herb  with  a 
few  green  leaves  and  two-  or  three-flowered  inflorescences  near 
the  ai>ex  of  the  single  stem.  The  rhizome  represents  a  sym- 
podium ;  it  is  slender,  horizontally  creeping  with  stretched 
internodes  and  scale-like,  membranaceous  leaves.  The  termi- 
nal bud  produces  the  aerial,  flower-bearing  stem  surrounded  at 
the  base  by  three  scale-like  leaves,  while  a  bud  from  the  axil 
of  the  lowermost  of  these  pushes  out  into  a  horizontal,  sub- 
terranean branch,  which  continues  the  direction  and  growth  of 


\  Beitrag  znr  Kenntniss  der  Gattang  Roxburghia.    (Botan.  Centralb.,  toI. 
1,  1892,  p.  65. 


T.  Holm — Croomia  paucijloi'a.  51 

the  mother-rhizome.  Dormant  buds  may  be  observed  in  the 
axils  of  some  of  the  leaves  of  the  horizontal  portion  of  the 
rhizome.  The  roots  are  white,  somewhat  fleshy  and  sparingly 
ramified ;  they  develop  mostly  below  the  nodes  or,  sometimes, 
a  little  above  these. 

In  the  Japanese  species  C.  Japonica  Mig.  the  habit  of  the 

[>lant  is  the  same,  but  the  flowers  are  single  in  the  axils  of  the 
eaves,  and  the  rhizome  has  no  stretched  intern  odes. 

The  internal  structure  of  the  vegetative  organs  of  our  species 
of  Croomia  shows  several  points  of  interest,  when  compared 
with  the  allied  orders,  and  we  will  begin  with  the  roots. 

The  roots. 

The  secondary  roots  are  storage-roots  with  no  contractile 
power ;  they  are  nearly  glabrous  and  the  thin-walled  epidermis 
persists  covering  directly  the  cortical  parenchyma,  no  hypo- 
derm  being  developed.  The  cortex  consists  of  about  fifteen 
layers  of  thin-walleu,  starch-bearing  cells,  constituting  a  rather 
compact  tissue.  There  is  an  endodermis  of  exceedingly  small 
cells  with  thin  walls  and  the  Casparyan  spots  barely  visible ;  it 
surrounds  a  continuous  similarly  thin-walled  pericambium. 
Inside  this  are  seven  narrow  rays  of  hadrome  with  one  to  two 
protohadrome  vessels  and  about  twenty,  much  wider,  around  a 
narrow  central  group  of  moderately  thickened  conjunctive  tissue. 

The  thin,  lateral  roots  show  a  like  structure,  but  the  cortex 
contains  no  starch  and  the  endodermis  is  large-celled  with  the 
spots  plainly  visible  ;  these  roots  were  diarchic  and  the  position 
of  the  protohadrome  vessels  was  like  that  in  the  mother-root, 
inside  the  pericambium. 

The  rhizome. 

When  we  examine  one  of  the  stretched,  horizontal  inter- 
nodes  we  notice  a  smooth  cuticle  and  an  epidermis  with  the 
outer  cell-walls  moderately  thickened.  The  cortex  consists  of 
about  twenty-five  layers,  of  which  the  peripheral  two  or  three 
are  collenchymatic,  the  others  thin-walled  and  starch -bearing. 
No  endodermis  was  to  be  observed,  and  the  mestome-bundles 
possess  only  a  weak  support  of  stereome,  which  does  not  form 
a  continuous  ring  around  these.  It  is  merely  represented  by  a 
few,  one  to  two,  layers  on  the  inner  face  of  the  mestome- 
bundles  or  on  the  sides  of  these ;  on  the  leptorae-side  this 
tifisue  is,  also,  j^oorly  developed,  sometimes  entirely  wanting. 

The  structure  of  the  mestome-bundles  is  very  irregular. 
They  are  apparently  arranged  in  one  or  two  circles,  but  several 
of  these  having  fused  together  so  as  to  form  several  groups  of 
leptome  and  hadrome  in  immediate  connection  with  each  other, 
their  number  or  real  position  could  not  be  ascertained.  As 
will  be   seen  later,  the  mestome-bundles  of  the  stem  above 
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ground  are  leptocentric,  and  this  structure  is,  also,  to  some 
extent  to  be  observed  in  the  rhizome,  but  much  less  regularly ; 
the  following  variations  were  noticed.  A  few  were  collateral 
with  the  leptome  and  hadrome  radially  opposite  each  other  and 
supported  by  stereonie  on  both  faces,  the  outer  and  the  inner. 
Or  the  leptome  was  found  to  be  surrounded  by  the  vessels  on 
the  sides,  and  these  bordering  again  on  other  groups  of  leptome 
with  or  Avithout  some  support  of  stereome ;  in  others  the  lep- 
tome constituted  but  one  group  with  some  vessels  on  the  sides, 
while  inwards  it  was  separated  from  the  pith  by  layei's  of 
stereome.  Near  the  periphery  of  the  cortex  were  observed 
two  isolated,  collateral  and,  in  transverse  section,  orbicular 
mestonje-bimdles. 

The  central  portion  of  the  rhizome  is  occupied  by  a  thin- 
walled,  starch-bearing,  solid  pith. 

A  much  more  regular  structure  exists  in  the  short,  vertical 
internode  below  the  uppermost  of  the  three  scale-like  leaves 
which  surround  the  base  of  the  flowering  stem.  In  this  inter- 
node the  fourteen  mestome-bundles  are  located  in  an  almost 
regular  circle  ;  nine  of  these  are  leptocentric  and  much  larger 
than  the  remaining  five,  which  are  collateral  and  orbicular  in 
transverse  section.  In  regard  to  the  disposition  of  these  two 
forms  of  mestome-bundles,  there  is  usually  a  small  one  between 
each  two  of  the  larger  ones.  They  all  are  surrounded  by 
stereome  and  separated  from  each  other. 

The  stem. 

A  like  structure  was  observed  in  the  long  internode  of  the 
stem  above  ground.  This  stem-portion  is  cylindric  and  solid  ; 
the  cuticle  is  wrinkled  and  covers  a  small-celled  epidermis, 
which  is  moderately  thickened,  perfectly  glabrous  and  almost 
destitute  of  chlorophyll.  The  cortex  consists  of  about  four- 
teen strata  of  which  the  peripheral  three  or  six  are  collenchy- 
matic,  and  the  innermost  layer  did  not  show  the  characteristic 
structure  of  an  endoderniis.  A  circle  of  thirteen  mestome- 
bundles  is  imbedded  in  the  cortex ;  each  of  these  are  com- 
pletely surrounded  by  two  to  three  layers  of  moderately  thick- 
walled  stereome,  which  enters  into  the  leptome  as  a  separate 
group  in  the  larger  bundles  or  merely  as  a  bridge  in  the 
smaller  ones  (tig.  1).  The  mestome-bundles  are  all  more  or 
less  oval  in  transverse  section  and  contain  a  very  large  group 
of  small-celled  leptome,  completely  surrounded  by  a  ring  of 
scalariform  and  spiral  vessels, 

A  pith  of  large,  thin-walled  cells  without  starch  occupies  the 
center  of  the  stem. 

Bv  continuing  our  investigation  to  the  structure  of  the  axis 
of  the  inflorescence,  we  notice  here  the  same  arrangement  of 
the  tissues,  but  the  structure  is  somewhat  weaker.     There  is 
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only  one  peripheral  layer  of  collenchyma  and  tlie  stereome  is 
redaced  to  a  few  isolated  cells  on  the  leptome-side  instead  of 
forming  a  closed  ring  around  the  bundle.  The  mestome- 
bnadlee  themselves  occur  in  a  smaller  number,  from  eight  to 
nine,  and  are  strictly  collateral  ;  tliey  border  on  a  narrow  ceii- 


I  meetome-bundle  from   the  e 
grouDd  ; 

tral  cylinder  of  pith,  A  corresponding  strncture  is  to  be 
observed  in  the  peduncle  of  the  flower,  but  this  possesses  only 
two  meetome-b undies,  l)otli  of  which  arc  collateral. 

The  leaf. 

The  petiole:  About  three  almost  continuous,  subepidermal 
layers  of  collenchyma  surround  the  thin-walled  cortex  in  which 
only  a  small  amount  of  chlorophyll  was  observed.  There  is  no 
stereome  and  no  eudodermis  is  differentiated.  Seven  collateral 
mestome-bundles  traverse  the  petiole;  they  are  arranged  in  a 
crescent  corresponding  witli  the  outline  of  the  petiole,  and  the 
mediane  is  the  largest. 

The  blade  :  A  tbin  smooth  cuticle  covers  an  epidermis  with 
the  outer  cell-walls  slightly  thickened  on  both  faces  of  the  leaf- 
blade;  the  stomata  are  level  with  the  epidermis  and  they  are 
not  parallel  with  the  longitudinal  axis  of  the  blade ;  they  occur 
only  on  the  lower  face.  The  clilorenchyma  consists  of  live 
homogenous  layers  of  oblong  cells,  which  are  not  perpendicu- 
lar, however,  on  the  leaf-surface ;  this  tissue  is  a  little  more 
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open  on  the  lower  face,  thus  representing  some  kind  of  pneu- 
matic tissue.  No  stereome  is  developed,  but  there  is  a  promi- 
nent ridge  of  colorless  tissue  above  and  below  the  midrib  and 
the  larger  secondaries  which  becomes  collenchymatic  where  it 
borders  on  the  epidermis.  But  this  is  the  only  mechanical  tissue 
in  the  leaf.     The  mestome-bundles  are  all  collateral  and  single. 

Characteristic  of  Croornia  paucijlora  is,  thus,  the  structure 
of  the  mestome-bundles  in  the  stem  above  ground,  being  lepto- 
centric  as  well  as  in  the  rhizome,  but  simply  collateral  in  the 
axis  of  the  inflorescence,  in  the  peduncles  and  in  the  leaves. 
The  presence  of  similar  leptocentric  mestome-bundles  is, 
moreover,  characteristic  of  the  genus  Roxburghia  in  accord- 
ance with  Mr.  Lachner-Sandovars  investigations,  cited  above. 
This  peculiar  structure,  where  theleptome  is  surrounded,  more 
or  less  completely,  by  the  hadrome,  is  well  known  from  various 
other  orders  among  the  Monocotyledones,  but  mostly  from  the 
rhizomes  of  these* ;  it  is  known,  also,  from  mestome-bundles 
of  certain  Dicotyledones,  which  are  located  in  the  pith.  In 
other  words,  it  seems  as  if  this  peculiar  structure  of  the  mestome- 
bundles  is  principally  observable  in  storage-organs  and  tissues : 
rhizomes  and  pith.  But  in  the  RoxburghidcecB  this  structure 
is,  furthermore,  met  with  in  the  stem  above  ground  instead  of 
only  in  the  rhizome. 

Another  peculiarity  is  the  presence  of  stereome  in  the  lep- 
tome,  sometimes  as  an  isolated  group  in  the  larger  mestome- 
bundles  or  as  a  bridge  in  the  smaller  ones.  The  occurrence  of 
thick-walled  cells  in  the  leptome  has  been  described  by  several 
authors  and  defined  as  an  abnormal  thickening  of  the  companion 
cells  or,  in  some  instances,  of  the  sieve-tubes  themselves  instead 
of  pertaining  to  the  adjoining  strata  of  stereomatic  tissue. 
However  it  nas  been  admitted  that  it  is  only  occasionally  that 
such  thick-walled  cells  in  the  leptome  are  clearly  distinguish- 
able from  true  stereome-cells.  In  Croomia^  as  far  as  the 
writer  has  been  able  to  ascertain,  these  cells  were  inseparable 
from  the  supporting  layers  of  stereome ;  thus  we  have  described 
them  as  belonging  to  this  tissue. 

It  appears  as  if  leptocentric  mestome-bundles  in  stems  above 
ground  are  uncommon,  at  least  among  the  Monocotyledones. 
No  such  case  has,  so  far,  been  recorded  in  the  voluminous 
literature  dealing  with  GrainhiecR  and  CyperacecB^  and  Mr. 
Schulze  does  not  mention  the  occurrence  of  such  structure  in 
any  of  the  LiliaceWj  HcpmodoracecBj  TlypoxidecB  or  Vellozi- 
ace(B,  which  he  has  studied  and  described  in  his  interesting 
paper  on  these  orders.f 

Brookland,  D.  C,  April,  1905. 

*  Compare  Chrysler,  M.  A. :  The  development  of  the  central  cylinder  of 
Ar(icecB  and  Liliacece  (Bot.  Gazette,  vol.  xxxviii,  p.  161,  1904). 
t  Engler'B  bot.  Jahrb.,  vol.  x\'ii,  p.  295,  1893. 
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Art.  VII.  —  The  Relative  Proportion  of  Radium  and 
Uranium  in  Radioactive  Minerals /  by  E.  Rutherford 
and  B.  B.  Boltwood. 

The  experiments  made  by  one  of  us*  have  shown  that 
within  the  limit  of  experimental  error  the  amount  of  radium 
present  in  radio-active  minerals  is  proportional  to  the  content 
of  uranium.  The  amount  of  radium  corresponding  to  each 
ffram  of  uranium  in  a  mineral  is  thus  a  definite  constant  which 
18  of  considerable  practical  as  well  as  theoretical  importance. 

The  proportionality  between  the  content  of  uranium  and 
radiam  m  radio-active  minerals  strongly  supports  the  view  that 
radium  is  a  decomposition  product  of  nranmm.  According  to 
the  disintegration  theory,  the  amount  of  radium  per  gram  of 
uranium  present  in  a  mineral  should  be  a  constant  whose  value 
can  be  approximately  deduced  if  the  relative  activity  of  pure 
radium  and  pure  uranium  is  known. 

In  order  to  determine  the  amount  of  radium  associated  with 
one  gram  of  uranium  it  is  only  necessary  to  compare  the 
activity  of  the  emanation  produced  by  a  standard  quantity  of 
pure  radium  bromide  witn  that  produced  by  a  quantity  of 
mineral  containing  a  known  weight  of  uranium. 

In  the  experiments  which  are  to  be  described,  a  standard 
solution  of  radium  bromide  was  prepared  from  a  specimen  of 
radium  bromide,  which  had  been  found  experimentally  by 
Rutherford  and  Barnes  to  give  out  heat  at  a  slightly  greater 
rate  than  100  gram-calories  per  hour.  Tlie  radium  bromide 
was,  therefore,  probably  pure.  About  one  milligram  of  the 
salt  was  taken  and  weighed  as  accurately  as  possible  on  a  bal- 
ance. The  weighing  was  confirmed  by  comparing  the  relative 
gamma-ray  effect  produced  on  an  electroscope  by  the  sample 
in  question  and  the  effect  produced  by  a  quantity  of  radium 
bromide  weighing  23*7  milligrams.  The  determinates  by  the 
two  methods  were  found  in  good  agreement. 

The  known  weight  of  radium  bromide  was  dissolved  in  water 
and  solutions  were  successively  made  up  which  contained  10'' 
and  10" *  milligram  of  radium  bromide  per  cubic  centimeter. 
Of  the  more  dilute  solution  a  quantity  equivalent  to  1*584'^° 
was  carefully  weighed  out,  transferred  to  a  glass  bulb  having 
a  capacity  of  about  100'^''  and  diluted  to  a  volume  of  about  50*^° 
with  pure,  distilled  water.  The  bulb  was  sealed  and  allowed 
to  stand  for  about  60  days  in  order  that  the  maximum  quan- 
tity of  emanation  might  accumulate.  At  the  end  of  this 
period  the  emanation  was  completely  removed  by  boiling  the 

*  Boltwood,  Phil.  Mag.  (6),  ix,  599,  1905. 
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solution  and  was  transferred  to  an  air-tight  electroscope,  in 
which  its  activity  was  measured.  The  observed  activity  corre- 
sponded to  the  emanation  from  1*584  XlO~*  milligram  of 
radium  bromide,  which  was  assumed  to  be  equivalent  to 
0-926x10"*  milligram  of  radium. 

The  activity  oi  the  maximum  or  equilibrium  quantity  of 
emanation  produced  by  the  radium  associated  with  one  gram 
of  uranium  in  a  radio-active  mineral  was  determined  by  the 
method  which  has  already  been  described.*  The  mineral 
chosen  was  a  very  pure  sample  of  uraninite  from  Spruce  Pine, 
N.  C,  containing  74*65  per  cent  of  uranium. 

The  activity  of  the  emanation  from  the  standard  radium 
bromide  solution  was  equal  to  24*24  divisions  per  minute.  The 
activity  of  the  emanation  from  0*1  gram  of  the  mineral  was 
equal  to  14*45  divisions  per  minute,  corresponding  to  193*6 
divisions  per  minute  for  each  gram  of  uranium  present.  These 
values  indicate  that  the  quantity  of  radium  associated'  with 
Ofie  gram  of  uraniuin  in  a  radio^ictive  mineral  is  equal  to 
approximately  7'Ji.XlO'"'  gram.  One  part  of  radium  is  there- 
fore in  radio-active  equilibrium  with  approximately  1,350,000 
parts  of  uranium. 

By  the  application  of  these  numbers  to  the  ordinary  ores  of 
uranium  it  is  possible  to  determine  their  actual  content  of 
radium.  Thus  a  high-grade  pitchblende  ore  containing  60 
per  cent  of  uranium  carries  approximately  0*40  gram  of 
radium,  equivalent  to  0*69  gram  of  radium  bromide,  per  ton 
of  2,000  pounds.  A  low-grade  10  per  cent  uranium  ore  will 
contain  per  ton  approximately  0*067  gram  of  radium,  equiva- 
lent to  115  milligrams  of  radium  bromide. 

The  amount  oi  radium  occurring  with  uranium  is  about  the 
amount  to  be  expected  if  uranium  is  the  parent  of  radium,  but 
a  satisfactory  comparison  of  theory  witli  experiment  is  not 
possible  until  the  relative  activity  of  pure  radium  and  pure 
uranium  is  more  accurately  determined.  Experiments  in  this 
direction  are  in  progress  and  the  results  will  be  given  in  a 
later  paper.  A  method  has  been  devised  for  determining  in 
a  radio-active  mineral  the  proi>ortion  of  the  total  activity  due 
to  the  presence  of  uranium,  radium  and  the  other  radio-active 
bodies.  The  results  obtained  lead  to  the  conclusion  that 
actinium  is  not  a  direct  product  of  uranium  in  the  same  sense 
as  is  radium.  An  account  of  these  experiments  will  be  pub- 
lished later. 

*  Boltwood,  loc.  cit. 
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Art.  VIII. — Side  Discharge  of  ElectHcity ;  by  John  Trow- 

BRIDOE. 

The  installation  of  a  large  storage  battery  of  10,000  to  20,000 
cells  presents  many  interesting  problems  in  regard  to  insula- 
tion ;  and  modem  theories  of  ionization  receive  great  support 
from  a  study  of  the  phenomena  observed  in  the  region  surround- 
ing the  poles  of  the  battery.  There  is  a  ereat  probability  of 
an  invisible  ionization  which  is  constantly  taking  place  between 
the  earth  and  the  battery. 


A? 


Such  ionization  immediately  becomes  visible  in  an  interesting 
form  of  Geissler  tube  shown  in  fig.  1. 

The  terminal  A  is  connected  permanently  with  the  pole  of 
the  battery  through  a  large  water  resistance  (several  megohms). 
The  terminal  B  is  connected  to  the  negative  pole  by  a  spark  gap  S. 
E  is  connected  to  the  earth.  At  the  instant  the  spark  occurs  a 
brilliant  side  discharge  occurs  between  E  and  B.  If  the  nega- 
tive pole  of  the  battery  is  permanently  connected  through  the 
large  water  resistance  to  B,  and  A  connected  by  a  spark  ffap 
to  the  positive  pole  of  the  battery,  the  side  discharge  talces 
place  between  E  and  A.  At  the  same  time  that  these  side 
discharges  take  place,  a  discharge  passes  between  A  and  B.  It 
is  evident  fliat  the  capacity  of  the  region  outside  the  battery, 
the  room,  and  building  charges  up  under  the  difference  of 
potential  between  it  and  the  poles  of  the  battery,  a  difference 
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of  potential  which  is  greater  than  that  between  A  and  B, 
which  are  connected  by  the  small  resistance  of  the  rarified  gas. 
This  phenomenon  suggests  a  photometric  method  of  com- 
paring the  capacity  of  large  condensers  and  also  of  obtaining 
the  capacity  of  the  immediately  surrounding  space.  Fig.  2 
represents  a  modification  of  the  tube  represented  in  fig.  1. 
To  the  arm  C  and  D  of  the  cross  are  attached  tlie  condensers 
which  are  to  be  compared.     At  the  instant  of  the  completion 


of  the  circuit  with  the  storage  battery  under  the  conditions 
mentioned  above,  two  side  discharges  take  place  from  C  and  D 
either  to  A  or  B.  By  bringing  the  light  oi  these  two  simulta- 
neous discharges  into  a  suitable  photometric  arrangement,  one 
can  compare  the  capacity  of  the  condensers  to  the  degree  of 
accuracy  obtainable  by  ordinary  photometric  determinations. 
Since  it  is  difficult  to  obtain  an  estimate  of  the  capacity  of 
large  bodies  of  irregular  shape  and  of  large  extent,  this  method 
may  be  of  use.  By  a  suitable  vacuum  tube  and  proper 
exhaustion  the  method  does  not  require  a  large  number  of 
cells. 

It  was  noticeable  that  when  a  stratified  discharge  was  estab- 
lished between  A  and  B  fig.  1,  there  being  no  spark  gap  in 
the  circuit  except  that  of  the  rarified  space  between  A  and  B, 
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fluctuating  feeble  discharges  took  place  to  earth  through  E. 
This  phenomenon  seems  to  indicate  a  discontinuity  in  the 
stratified  discharge. 

When  the  small  spark  gap,  either  at  the  positive  or  nega- 
tive pole,  is  of  a  suitable  length,  the  discharges  between  E  and 
either  pole  of  the  battery  succeed  each  other  so  rapidly  that 
the  side  discharges  to  earth  appear  continuous.  If  a  large  con- 
denser is  substituted  for  the  earth  at  E,  one  plate  of  the  con- 
denser being  connected  to  eartli,  the  time  between  each  dis- 
charge is  lengthened.  This  time  of  charging  can  be  well  illus- 
trated by  connecting  condensers  directly  through  a  large  water 
resistance  directly  to  the  poles  of  a  large  storage  battery  and 
allowing  the  condensers  to  discharge  through  a  spark  gap.  The 
time  of  discharge  can  be  regulated  through  a  wide  range  and 
the  arrangement  can  be  termed  an  electric  clock. 

It  is  probable  that  in  the  case  of  lightning  side  discharges  take 
place  to  the  earth  in  the  manner  indicated  by  this  method ;  the 
potential  between  the  positively  and  negatively  charged  clouds 
rising  to  a  higher  value  than  that  between  the  clouds  ;  the 
earth  space  beneath  the  clouds  acting  as  a  localized  capacity. 
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Art.  IX. — The  Effect  of  High  Temperatures  mi  the  Raie 
of  Decay  of  the  Active  Deposit  from,  Radium  /  by  Howard 
L.  Bronson. 

In  tlie  course  of  a  careful  investigation  of  the  decay  of  the 
active  deposit  from  radium,  some  experiments  of  Curie  and 
Danne*  were  repeated.  These  consisted  in  determining  the 
change  which  high  temperatures  produce  on  the  rate  of  decay 
of  this  active  deposit.  As  a  result  of  the  following  experi- 
ments, a  different  conclusion  from  that  offered  bv  Curie  and 
Danne  has  been  arrived  at. 

Miss  Gatesf  showed  that  high  temperatures  produced  at  least 
a  partial  separation  of  the  components  of  the  active  deposit 
from  radium,  owing  to  the  fact  that  they  are  not  all  equally 
volatile.  Curie  and  Danne  verified  this,  and  also  found  that 
the  rate  of  decay  of  the  active  deposit  apparently  was  perma- 
nently altered  by  exposure  to  temperatures  between  650°  and 
1300*^  C.     The  following  table  gives  some  of  their  results  : 

i  e 

6  30°  29-3 

8  30  24-6 

10  00  21-0 

11  00  20-3 

12  50  24-1 

13  00  25-4 

Here  t  is  the  temperature  in  degrees  centigrade  to  which  the 
active  deposit  was  raised,  and  0  is  the  "  period,"  that  is  the 
time  in  minutes  required  for  the  activity  to  fall  to  half  value. 
From  this  table  it  is  seen  that  the  rate  of  decay  increased  as 
the  temperature  was  raised  from  650°  to  1100°,  but  decreased 
again  at  still  higher  temperatures.  Curie  and  Danne  also 
stated  that  the  decay  curves  were  exponential,  and  they  there- 
for«  concluded  that  the  rate  of  decay  had  been  permanently 
altered. 

In  the  following  experiments  the  measurements  were  all 
made  with  an  electrometer,  and  the  "constant  deflection 
method  "  described  by  the  writer:):  was  employed.  The  active 
deposit  was  collected  on  platinum  wires  by  connecting  them  to 
the  negative  pole  of  a  battery  of  400  volts,  and  exposing  them 
for  several  liours  in  the  emanation  from  radium.  After 
removal  the  wires  were  kept  for  a  few  minutes  at  the  desired 
temperature  in  a  small  electric  furnace,  made  by  Dr.  C.  A. 

*  Comptes  Rendns,  cxxxviii,  p.  748,  1904. 
Physical  Review,  May,  1903. 
This  Journal,  Feb.,  1905. 
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Timme  of  Berlin,  and  were  then  placed  in  the  testing  vessel. 
A  calibration  curve  for  the  furnace  had  previously  been  made 
by  the  use  of  a  platinum-rhodium  thermo- junction. 

A  lar^e  number  of  experiments  were  made  using  several 
temperatures  between  700°  and  1100°  C.  An  example  of 
the  kind  of  results  obtained  is  given  in  tig.  1.  A,  B,  C 
and  G  are  four  decay  curves  oi  the  active  deposit,  which 
had  been  previouslv  heated  to  about  800°  C.  In  tlie  case 
of  D,  E  and  F  tlie  temperature  used  was  about  900°  C. 
The  time  is  reckoned  from  the  removal  of  the  wire  from  the 


1 


100 
Time  in  minutes. 


emanation.  The  first  points  on  curves  F  and  G  should  be  at 
about  200  and  300  minutes  respectively,  as  in  these  cases  the 
wires  were  not  placed  in  the  furnace  until  several  hours  after 
their  removal  from  the  emanation.  These  curves  are  apparently 
exponential,  as  wjis  found  by  Curie  and  Danne,  but  Q  aoes  not 
at  all  seem  to  be  a  function  of  the  temperature,  for  its  value 
seems  just  as  liable  to  change  when  the  temperature  is  kept 
the  same  as  when  a  different  temperature  is  used.  In  fact  B 
was  found  liable  to  take  on  any  value  between  nineteen  and 
twenty-seven  minutes,  and  this  was  true  for  all  temperatures 
between  700°  and  1100°.  Among  these  values  of  6  there 
were,  however,  a  large  number  between  nineteen  and  twenty- 
one  minutes.  This  was  nearly  always  the  case  when  the  wire 
was  not  heated  until  several  hours  after  removal  from  the 
emanation. 

Now  liutherford*  has  shown  that,  neglecting  the  first  half 

♦Philosophical  Transactions.  204,  p.  196. 
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■  hour,  the  decay  carve  of  tlie  active  deposit  from  radium  is 
satisfactorily  explained  by  assuming  two  successive  products, 
radium  B  and  radium  C ;  the  matter  B  giving  rise  to  no  rays, 
and  the  matter  C  to  a,  ^  and  7  rays.  Taking  tweiity-eigiit 
minutes  as  the  decay  period  of  one  of  these,  he  calculated  tnat 
the  period  of  tlie  otlier  must  be  twenty-one  minutes.  Theoret- 
ically it  makes  no  difference  whether  the  longer  period  belongs 
to  the  matter  B  or  0,  but  the  above  mentioned  experiments  of 
Curie  and  Danne  supplied  the  evidence  which  decided  this 
question  in  favor  of  the  luatter  C. 
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The  fact  that  so  mauy  of  the  vahies  of  B,  obtained  after 
heating  the  deposit,  were  in  the  neighborhood  of  twenty-one 
minutes,  made  it  eecm  quite  possible  that  the  matter  C  had 
the  shorter  period,  and  not  that  its  period  had  been  changed 
by  heating.  Also  the  fact  that  the  rayless  change  in  tiic  active 
deposits  from  thorium  and  actinium  each  have  a  longer  period 
of  decay  than  the  change  immediately  following,  possibly  is 
evidence  in  the  same  direction.  If  this  be  the  case,  then  all 
the  larger  values  of  6  must  have  lK?en  produced  by  mixtures  of 
the  two  kinds  of  matter,  B  and  C,  in  different  proportions. 
This,  however,  would  not  give  an  exponential  decay  curve,  but 
the  period  would  continue  to  increase,  since  the  ratio  of  the 
matter  having  the  longer  period  to  that  having  the  shorter 
would  increase  with  the  time. 


ly  t 
ity  of  the  heated  deposit  was  measured  over  a  long  period  of 
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time.  Fig.  2  shows  the  result  of  two  experiments  of  this 
kind.  1  A,  1  B  and  1  C  are  three  sections  of  the  same  curve, 
obtained  after  heating  the  active  deposit  to  about  650°  C.  1  A 
was  taken  immediately  after  heating,  1  B  after  about  two  hours. 
and  1  C  after  about  four  hours.  The  respective  values  of  6 
were  22*4,  23*6,  and  25-5.  In  the  case  of  curve  2,  the  tem- 
perature used  was  about  800*^0.  2  A  was  taken  immediately 
after  heating,  2  B  after  about  one  hour,  and  2  C  after  about 


c 

2 


^8 


a 


s 


A 
\ 

•v 

<. 

V. 

X 

xj^^^ 

\ 

"^ 

^^ 

\ 

"v 

\ 

I 

\ 

100 


125 


150  175 

Time  in  minutes. 


200 


225 


two  and  one-half  hours,  and  the  values  obtained  for  0  were, 
respectively,  20-1,  21-3,  and  22.8. 

The  above  results  furnished  very  strong  evidence  in  favor 
of  the  supposition  that  the  heating  did  not  actually  alter  the 
rate  of  decay  of  the  active  deposit.  In  order  to  make  this 
conclusive,  the  wire  on  which  the  active  matter  had  been 
deposited  was  sealed,  before  heating,  in  a  piece  of  glass  com- 
bustion tubing.  This  prevented  the  escape  of  any  volatile 
products,  which  in  the  previous  experiments  had  evidently 
oeen  the  uncertain  factor.  By  exhausting  the  glass  before 
sealing,  it  was  found  that  it  would  stand  temperatures  high 
enough  to  melt  the  copper  wires,  which  were  used  in  this  case. 
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A  number  of  experiments  were  made  in  tliis  way,  using  the 
same  temperatures  as  before,  but  in  no  case  did  6  fall  below 
twentv-six  minutes. 

B,  fig.  3,  is  the  logarithmic  decay  curve,  obtained  when  the 
active  deposit  was  sealed  in  a  glass  tul>e  and  heated  to  900°  C. 
A  is  the  normal  decay  curve  for  the  active  deposit.  These 
curves  are  approximately  parallel,  showing  that  the  rate  of 
decav  had  not  been  measurablv  changed  bv  a  temperature  of 

It  is  thus  evident  that  temperatures  between  700°  and  1100°  C. 
have  verv  little,  if  anv,  effect  on  the  rate  of  decav  of  the  active 
deposit  from  radium.  The  results  obtained  by  Curie  and 
Danne  and  those  given  in  the  present  paper  are  satisfactorily 
explained  by  assuming  that  radium  C  has  the  shorter  instead 
of  the  longer  of  the  two  periods,  and  that  radium  B  is  the 
more  volatile,  but  that  in  general  a  part  of  it  still  remains  on 
the  wire  after  heating. 

The  measurements  made  in  this  investigation  also  seem  to 
show  that  both  twenty-eight  and  twenty-one  minutes  are  too 
large  for  the  decay  periods  of  radium  B  and  C,  and  that 
twenty-six  and  nineteen  minutes  are  nearer  right  Experi- 
ments are  at  present  in  progress  which  it  is  hoped  will  settle 
this  definitel}'. 

In  conclusion,  I  desire  to  thank  Professor  Rutherford  for 
his  many  suggestions  and  kind  supervision  of  this  work. 

Macdonald  FhyBics  Building, 
McGill  University,  Montreal,  Jane  5,  1905. 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  Amounts  of  Neon  and  Hellion  in  the  Air, — Sir  William 
Ramsay,  in  connection  with  previous  investigations,  has  roughly 
estimated  the  amount  of  helium  in  the  atmosphere  at  one  or  two 
parts  per  million,  and  the  amount  of  neon  at  one  or  two  parts  per 
hundred  thousand.  He  has  now  made  more  accurate  determina- 
tions of  these  constituents,  and  finds  one  volume  of  neon  in  about 
81,000  volumes  of  air,  or  -00086  per  cent  by  weight,  and  one 
volume  of  helium  in  about  245,000  volumes  of  air,  or  -000056  per 
cent  by  weight.  (In  the  published  article  the  percentages  are 
erroneously  given  as  100  times  smaller  than  the  above.)  The 
method  used  in  these  determinations  was  based  upon  the  absorp- 
tion of  gases  by  charcoal  as  recently  studied  by  Sir  James  Dewar. 
The  charcoal  was  kept  at  —  100°,  at  which  temperature  neither 
neon  nor  helium  is  absorbed  in  appreciable  quantities,  while  the 
other  constituents  may  be  almost  completely  absorbed  by  repeat- 
ing the  treatment.  In  this  way  about  2^^  of  gas  were  left  from 
the  treatment  of  18  1.  of  air,  and  after  the  residual  air  had  been 
removed  by  sparking,  the  residue,  which  gave  no  spectrum  of 
argon,  was  measured  in  a  delicate  apparatus.  The  neon  was  then 
condensed  by  charcoal  at  the  temperature  of  liquid  air  in  order 
to  separate  it  from  helium  as  far  as  possible,  and  the  separate 
gases  were  afterwards  measured.  It  appeared  that  this  separa- 
tion was  a  satisfactory  one,  although  not  absolute,  and  that  the 
helium  determination  mav  be  somewhat  too  hisrh. 

It  is  interesting  to  notice  that  Ramsay  collected  the  lighter 
gases  from  640*=^  of  liquid  air,  corresponding  to  about  400  1.  of 
the  gas,  and  that  while  he  obtained  a  fair  yield  of  neon  and 
helium,  he  could  find  no  evidence  of  the  presence  of  hydrogen  in 
this  residue.  The  result  appeared  to  show  that  there  must  be 
less  hydrogen  in  the  air  than  1/500  of  the  combined  neon  and 
helium,  but  the  author  does  not  regard  the  experiment  as  quite 
conclusive. —  Chem.  News,  xci,  203.  h.  l.  w. 

2.  The  Radio-activity  of  Thorium.  —  An  account  is  given  by 
O.  Sackur  of  a  product  obtained  by  fractionating  a  mixture  of 
barium  and  radium  bromide  obtained  from  2*5  tons  of  thorianite. 
It  was  found  by  Ilahn  that  the  more  soluble  fractions  of  this  mix- 
ture of  bromides  did  not  continually  decrease  in  activity,  as 
would  be  expected  from  the  removal  of  radium,  but,  after  a  series 
of  crystallizations,  became  more  active.  A  strongly  radio-active 
product  was  obtained  from  this  liquid  by  precipitation  with 
ammonia,  and  by  solution  in  acid  and  precipitation  with  ammo- 
nium oxalate  the  activity  was  still  further  concentrated.  It  was 
found  that  the  emanation  from  this  substance  lost  one-half  of  its 
activity  in  52-56  seconds,  and  that  it  consequently  corresponds 
to  the  thorium  emanation.     This  was  confirmed  by  determining 
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the  decay  of  its  induced  activity,  which  showed  a  period  of  11-2 
hours  for  the  half  value,  while  Rutherford  has  given  about  11 
hours  as  the  characteristic  period  for  the  induced  activity  pro- 
duced by  the  thorium  emanation.  It  may  be  considered  certain, 
therefore,  that  the  substance  obtained  by  Hahn  gives  off  the 
thorium  emanation;  but,  since  comparative  tests  showed  that  the 
product  possesses  a  power  of  emanation  about  250,000  times 
greater  than  thorium,  it  is  concluded  that  it  contains  a  new  radio- 
active element  which  produces  the  thorium  emanation.  The 
question  arises  whether  two  distinct  elements  may  produce  the 
same  emanation,  or  whether  the  activity,  of  thorium  may  be  due 
to  a  mixture  with  this  new  element — a  question  w^hich  has  not  yet 
been  decided. — JBericht^,  xxxviii,  1756.  h.  l.  w. 

3.  TTie  Use  of  Quartz  Apparatus  for  laboratory  Purposes. — 
Myliub  and  IVIeussbr  of  the  Phvs.-Techn.  Reichsanstalt  at  Char- 
lottenburg  have  investigated  the  action  of  various  liquids  upon 
quartz  vessels  by  finding  the  loss  in  weight  after  such  action. 
They  find  that  water  has  no  appreciable  effect  either  at  ordinary 
temperature  or  at  100°.  In  fact,  the  electrical  conductivity  of 
water  may  be  diminished  by  boiling  off  the  carbonic  acid  in  these 
vessels.  The  vessels  are  attacked  by  alkaline  liquids,  and  in  this 
respect  they  appear  to  possess  no  advantage  over  glass.  Dilute 
acids,  with  the  exception  of  hydrofluoric,  and  concentrated  sul- 
phuric acid  have  no  appreciable  action  at  100°,  or  at  lower  tem- 
peratures. Corrosion  is  produced  by  phosphoric  acid  when  it  is 
concentrated  above  400°,  and  white  silicylphosphate  separates. 
Quartz  vessels  possess  the  property  of  absorbing  certain  dyes 
from  their  solutions.  The  amounts  thus  absorbed  are  exceed- 
ingly small,  forming  a  uniformly  colored  film  when  the  vessels 
are  rinsed,  and  this  can  be  removed  by  the  use  of  hot  solvents. — 
Zeitschr,  Anorgan,  (7Aem.,*xliv,  221.  h.  l.  w. 

4.  Peryneability  of  Quartz  Vessels  to  Gases,  —  It  has  been 
observed  that  vessels  of  quartz  glass  are  permeable  to  helium  at 
temperatures  below  red  heat,  and  Bektuelot  has  recently  found 
that  other  gases,  for  instance,  atmospheric  nitrogen,  are  capable 
of  penetrating  tubes  of  this  material  at  a  temperature  of  about 
1,300°.  This  property  of  fused  quartz  will  somewhat  limit  its 
applications  for  investigations  at  high  temperatures. —  Comptes 
HenduSj  cxl,  821.  h.  l.  w. 

5.  Outli7ies  of  Inorganic  Chemistry ;  by  Frank  Austin 
GoocH  and  Claude  Fkedkkic  Walker.  12mo,  pp.  xxiv-f  233 
-f514.  New  York,  1005  (The  Macmillan  Company). — This  text^ 
book  of  elementary  chemistry,  a  large  and  comprehensive  work, 
is  divided  into  two  distinct  parts,  "  inductive  "  and  "  descriptive." 
About  twice  as  many  pages  are  devoted  to  the  latter  part  as  to 
the  former.  It  has  been  the  aim  of  the  authors  to  introduce  the 
student  to  chemistry  by  consideration  of  the  simplest  and  fewest 
things,  and  much  attention  has  been  paid  to  the  inferences  to  be 
drawn  from  experimental  phenomena.  Part  I  takes  up  the  con- 
secutive experimental  development  of  the  principles  upon  which 
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chemistry  rests.  Only  in  the  final  chapter  of  thin  part  is  the 
notion  of  the  atom  introduced.  Part  II  is  arranged  in  accord- 
ance with  a  modification  of  Mendeleeff's  Periodic  System. 
Graphic  symbols  are  freely  used,  and  ionic  terminology  has  been 
employed,  although  the  extreme  developments  of  the  idea  of  free 
ions  have  not  been  made  use  of.  Careful  introductions  to  group 
characteristics,  and  full  summaries  covering  the  relations  in 
detail,  are  given  in  this  part  of  the  book.  h.  l.  w. 

6.  iipectroscopic  Analysis  of  Gas  ^fixtures,  —  Many  investi- 
gators have  endeavored  to  use  the  sensitive  portion  of  the  positive 
discharge  in  a  Geissler  tube  as  a  qualitative  means  of  determin- 
ing proportions  of  gases  in  mixtures.  Secchi,  however,  found 
that  oxygen  of  air  could  not  be  detected  in  this  way.  E.  Wiede- 
mann has  shown  that  mercury  vapor  masks  the  hydrogen  and 
nitrogen  spectra  even  when  a  large  proportion  of  these  gases  are 
present.  Collie  and  Ramsay  found  the  method  inoperative  in  the 
case  of  some  gases.  J.  E.  Lilienfkld,  by  suitable  forms  of  tubes 
and  proper  arrangement  of  electrical  circuit,  finds  that  the  method 
can  be  made  extraordinarily  sensitive,  and  gives  the  following 
table  : 


Smallest  visible 
qnantities. 

Collie 
and  Bamsay. 

10^ 

E.  Wiedemann. 

Ldlienfield. 

He  in  N 

0-7^ 

Ar  in  N 

37,^^ 

0.932  4> 
(in  air) 

N  inHg 

„  _ 

^      approx.  30  'y 

0-7  -/ 

H  in  Hg 

1           ''          30  f/ 

0  7r^ 

The  author  shows  that  the  theory  of  ionization  explains  the 
masking  of  the  spectra  of  gases  in  a  mixture.  The  presence  of 
one  gas  prevents  the  dissociation  of  another  gas. — Ami,  der  Phys,, 
No.  5,  1905,  pp.  931-942.  .i.  T. 

7.  The  Fitz  Gerald- Lor entz  Effect, — FitzGerald  and  Lorentz,  in 
reference  to  Michelson  and  Morley's  experiments  on  the  drift  of 
the  ether,  suggested  that  the  dimensions  of  the  apparatus  might 
be  modified  by  its  motion  through  the  ether.  Professors  Morley 
and  Miller  have,  therefore,  taken  up  the  experiment  anew  and 
conclude  their  ])aper  as  follows  :  '*  We  may  declare,  therefore, 
that  the  experiment  shows  that  if  there  is  any  ejffect  of  the  nature 
expected,  it  is  less  than  the  hundredth  part  of  the  computed 
value.  If  pine  is  affected  at  all,  as  has  been  suggested,  it  is 
affected  to  the  same  amount  as  sandstone,  If  the  ether  near  the 
apparatus  did  not  move  with  it,  the  difference  in  velocity  was 
less  than  3*5  kilometers  per  second,  unless  the  effect  on  the  mate- 
rials annulled  the  effect  sought.  Some  have  thought  that  the 
former  experiment  only  proved  that  the  ether  in  a  certain  base- 
ment room  was  carried  along  with  it.  We  desire  to  place  the 
apparatus  on  a  hill  covered  only  with  a  transparent  covering,  to 
see  if  an  effect  could  be  there  detected."  The  authors  propose  to 
make  this  experiment. — Phil,  Mag,,  May,  1905,  pp.  680-685.     j.  t. 
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8.  The  Normal  JElemeiit.  —  The  weighty  questions  in  regard  to 
the  conditions  of  stability  of  the  mercuric  sulphate  do  not  appear 
to  be  solved.  At  present  the  silver  voltameter  is  as  reliable  as 
the  Weston  element,  and  there  does  not  appear  any  reason  why 
those  countries  which  have  adopted  the  silver  voltameter  as  a 
standard  should  give  it  up  for  the  Weston  element. — Physk. 
Techn.^  Reichsafistalt,  1904.  j.  t. 

9.  Inflftence  of  Character  of  ]Sx<iitaUon  upon  Structure  of 
Spectral  lines, — If  a  Geissler  tube  is  excited  by  electric  oscilla- 
tions, the  fine  spectral  lines  undergo  a  marked  change,  which  is 
probably  due  to  an  increase  of  temperature  arising  from  the 
electrical  oscillations. — Phys,  Ihchn.  Jieichsanstalt,  1904.    j.  t. 

10.  On  the  JRadio-actlve  Minerals, — In  a  paper  upon  this  sub- 
ject in  the  Proceedings  of  the  Royal  Society  (A,  Ixxvi,  88-100) 
the  author,  R.  J.  Strutt,  summarizes  his  results  as  follows  : 

(1)  The  conclusion,  that  the  amount  of  radium  in  a  mineral  is 
proportional  to  the  uranium,  is  confirmed.  The  investigation  of 
this  point  has  brought  to  light  the  existence  of  uranium  in  some 
minerals  not  previously  known  to  contain  it,  monazite,  for  instance. 

(2)  It  is  shown  that  thorium  minerals  invariably  contain  the 
uranium-radium  combination.  The  observation  is  difiicult  to 
interpret,  but  it  may  possibly  indicate  that  thorium  is  producing 
uranium. 

(3)  Helium  never  occurs  except  in  very  minute  quantity  unless 
thorium  is  present.  The  helium  of  minerals,  therefore,  is  proba- 
bly produced  more  by  thorium  than  by  radium. 

(4)  Thorium  minerals  vary  much  in  emanating  power.  Some 
retain  nearly  all  their  emanation,  others  give  off  large  quantities. 

11.  On  the  Absence  of  excited  Radio-activity  due  to  tempo- 
rary Exposure  to  yrays, — This  subject  is  discussed  by  J.  J. 
Thomson  and  by  II.  A.  Bumstead  in  brief  articles  published  in 
the  Proceedings  of  the  Cambridge  Philosophical  Society,  vol. 
xiii,  part  2  (pp.  124,  125-128).     Thomson  says: 

"  Experiments  were  made  to  see  if  the  radiation  given  out  by 
metals  could  be  temporarily  increased  by  exposure  to  the  radia- 
tion from  radium.  The  method  used  was  to  measure  the  satura- 
tion current  inside  a  closed  metallic  vessel,  then  to  place  a  sealed 
glass  tube  containing  30  mg.  of  radium  bromide  inside  the  vessel 
and  leave  it  there  for  times  varying  from  one  hour  to  ten  days  ; 
the  radium  was  then  removed  and  as  soon  as  possible  afterwards 
the  saturation  leak  again  measured  ;  experiments  were  made  with 
vessels  made  of  lead,  brass,  tin,  but  no  increase  in  the  saturation 
current  attributable  to  exposure  to  the  radium  was  ever  detected. 
The  measurement  of  the  saturation  current  took  at  least  five 
minutes  after  the  removal  of  the  radium,  so  that  a  very  short- 
lived increase  might  escape  detection  by  this  method." 

The  last  mentioned  point  was  independently  investigated  by 
Bumstead,  who  experimented  with  copper,  lead,  tin  and  uranium 
nitrate  by  a  method  specially  devised  for  the  purpose,  but  also 
without  positive  results.     The  author  remarks ; 
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"  With  the  four  substances  tested,  therefore,  the  result  is  nega- 
tive. If  they  retain  the  power  of  giving  out  any  rays  capable  of 
penetrating  0'7*^™  of  air  and  0-00005<^"'  of  aluminiura,  for  0'009 
seconds  after  exposure  lo  the  p-  and  y-rays  from  30  milligrams  of 
radium,  these  rays  must  be  considerably  les^  intense  than  those 
due  to  a  layer  of  uranium  salt  whose  surface-density  is  1  milli- 
gram per  square  centimeter." 

12.  Handhtich  der  JSpectroscopie ;  von  H.  Kayser.  Dritter 
Band.  Pp.  viii,  604;  3  plates,  94  figures.  Leipzig,  1905  (S. 
Hirzel). — Upon  the  appearance  of  the  first  vohime  of  this  work 
on  Spectroscopy  by  Professor  Kayser,  a  somewhat  extended 
notice  was  published  in  this  Journal,  giving  an  outline  of  the 
whole  plan  (see  vol.  x,  464,  1900).  Since  then  the  second  volume 
has  appeared,  followed  now  by  the  third.  So  thorough  and 
exhaustive,  however,  is  the  work  which  the  author  is  doing,  that 
it  has  been  found  necessary  to  enlarge  the  original  plan  and 
devote  two  volumes  instead  of  one  to  the  subject  of  absorption, 
here  discussed.  The  present  volume  contains  the  description  of 
methods  and  of  apparatus  for  the  investigation  of  absorption 
spectra,  a  discussion  of  our  present  knowledge  in  regard  to  the 
connection  between  absorption  and  the  constitution  of  the  sub- 
stance; and,  finally,  a  presentation  of  the  results  of  observations 
both  for  inorganic  and  artificial  organic  substances.  The  remain- 
der of  the  subject,  reserved  for  the  next  volume,  includes  the  dis- 
cussion of  the  natural  organic  coloring  materials,  both  vegetable 
and  animal,  and  also  the  phenomena  connected  with  absorption; 
that  is,  dispersion,  fluorescence  and  phosphorescence.  The  devo- 
tion with  which  the  author  has  given  himself  to  the  subject  and 
the  thoroughness  of  his  treatment  of  the  entire  subject  matter  are 
both  noteworthy.  In  the  preparation  of  the  first  volume  he  has 
had  the  assistance  of  Professor  W.  N.  Hartley,  of  Dublin,  who 
discusses  very  fully  the  question  of  the  connection  between  con- 
stitution and  absorption,  where  the  author  regarded  himself  as 
not  sufficiently  informed  in  reference  to  the  chemical  side  to 
enable  him  to  handle  it  satisfactorily.  It  needs  hardly  to  be  said 
that  this  chapter  (pp.  144-316)  shows  the  same  degree  of  com- 
pleteness and  careful  handling  which  characterizes  the  whole 
work. 

II.    Geology  and  Natural  History. 

1.  United  States  Geological  Survey^  Charles  D,  Walcott, 
Director. — Recent  publications  by  the  U.  S.  Geological  Survey 
include  the  following  : 

Folios:  No.  120,  Silverton  Folio,  Colorado.  This  includes  a 
description  of  the  Silverton  Quadrangle  by  Whitman  Cross, 
Ernest  Howe  and  F.  L.  Ransome;  also  geography  and  general 
geology  of  the  Quadrangle  by  Whitman  Cross  and  Ernest 
Howe. 

No.  121,  Waynesburg  Folio,  Pennsylvania,  by  Ralph  W. 
Stone. 
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Bulletins.  No.  243.  Cement  Materials  and  Industry  ;  by 
Edwin  C.  Eckel.     395  pp.,  15  plates. 

No.  255.  The  Fluorspar  Deposits  of  Southern  Illinois  ;  by 
H.  Foster  Bain.  75  pp.,  6  plates. — This  bulletin  gives  an 
account  of  the  fluorspar  mines  in  Hope  and  Hardin  counties  in 
the  extreme  southern  part  of  Illinois.  The  principal  mines  are 
near  Rosiclare,  Elizabeth  town  and  Cave-in- F^ock  on  the  Ohio 
river  in  Hardin  County.  The  discovery  of  the  deposits  goes 
back  to  1839,  although  the  material  was  not  definitely  mined 
until  the  early  70's.  The  author  discusses  the  geology  of  the 
region  in  detail,  and  shows  that  the  deposits  of  fluorspar,  with 
the  accompanying  ores  of  lead  and  zinc,  are  vein  deposits  occur- 
ring along  faulting  fissures.  The  amount  of  fluorspar  produced 
from  the  region  in  1903  was  18,360  short  tons,  as  compared  with 
29,000  tons  from  Kentucky  and  628  from  Arizona  and  Tennessee. 
The  highest  grade  is  used  in  the  enameling,  chemical  and  glass 
trades.  The  second  grade  is  used  in  steel  making,  being  used 
in  open-hearth  work  because  of  the  great  fluidity  which  it  gives 
the  slag.  Twenty  thousand  tons  are  used  annually  in  this  work. 
The  lowest  grade  is  used  in  foundry  work,  and  there  seems  to  be 
an  almost  unlimited  market  for  it. 

Water  Supply  Papers.  No.  126.  Report  of  Progress  of 
Stream  Measurements  for  the  calendar  year  1904.  Prepared 
under  the  direction  of  F.  H.  Newell,  by  N.  C.  Grover  and 
John  C.  Hoyt.  Part  III,  Susquehanna,  Patapsco,  Potomac, 
James,  Roanoke,  Cape  Fear  and  Yadkin  river  Drainages. 

No.  260,  Contributions  to  Economic  Geology,  1904  ;  S.  F. 
Emmons,  C.  W.  Hayes,  geologists  in  charge.  620  pp.,  4  plates, 
25  figures. — The  prompt  and  liberal  return  which  the  Geological 
Survey  makes  to  the  country  at  large  for  its  pecuniary  support 
is  well  shown  by  the  numerous  publications,  appearing  each  year, 
which  to  a  greater  or  less  extent  are  devoted  to  Economic  Geol- 
ogy. The  publications  of  1 904  of  this  character,  for  example, 
included  a  Monograph  by  Van  Hise ;  ten  professional  papers, 
chiefly  on  ore  deposits  in  different  regions  ;  three  bulletins  and 
two  folios,  the  last  on  the  Globe  and  Bisbee  Districts  in  Arizona. 
The  present  bulletin  is  the  third  bearinijr  this  title,  its  predeces- 
sors being  Nos.  213  and  225,  for  the  years  1902  and  1908.  The 
object  of  these  particular  bulletins  is  to  bring  before  the  public, 
with  all  possible  promptness,  the  economic  results  obtained  by 
the  Survey  parties.  Many  of  the  subjects  here  presented  are  to 
be  more  fully  discussed  in  other  papers,  appearing  independently. 
The  production  of  gold  and  silver  are  naturally  presented  at 
length ;  also  that  of  tin,  copper,  zinc,  lead  and  iron.  Special 
chapters  are  given  to  some  of  the  rare  elements,  as  molybdenum, 
vanadium  and  uranium  in  Utah,  etc.  Coal,  oil,  gas  and  salt 
also  form  the  subjects  of  special  chapters.  Many  different  authors 
contribute  to  the  volume. 

2.  Preliminary  Report  on  the  Geology  and  Underground 
Water  Resources  of  the   Central  Great  Plains ;  by  N.  H.  Dab- 
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TON.  433  pp.,  4to,  72  plates,  18  figures.  U.  S.  Geological  Sur- 
vey, Professional  paper  32. — ^The  area  covered  by  the  discussion 
in  this  volume  embraces  nearly  all  of  South  Dakota,  Nebraska 
and  Kansas,  and  extends  westward  to  central  Wyoming  and 
Colorado.  Over  most  of  the  region  the  rolling  plains  of  the 
eastern  portion  rise  gradually  and  uniformly  to  the  westward. 
The  geological  structure  is  comparatively  simple  for  the  most 
part,  with  the  exception  of  the  Black  Hills  region  in  South 
Dakota  and  poi*tions  included  of  the  Big  Horn  and  Laramie 
Ranges  in  Wyoming  and  Colorado.  The  geological  features  are 
very  fully  presented  in  the  first  half  of  the  present  volume,  the 
descriptions  being  based  upon  work  by  numerous  geologists 
in  the  past,  supplemented  by  that  of  Mr.  Darton  and  his  assist- 
ants. Numerous  excellent  views  from  photographs,  and  also 
geological  maps  and  sections,  accompany  the  text.  The  chief 
interest  of  the  investigation,  however,  lies  in  the  question  of 
water  supply,  which  in  many  parts  of  the  region  is  very  deficient 
and  must  be  supplemented  where  possible  by  artesian  wells. 
Great  numbers  of  these  have  already  been  sunk,  many  of  them 
with  excellent  results,  and  the  study  that  Mr.  Darton  has  made 
80  carefully  of  the  region  gives  promise  that  still  more  will  be 
accomplished  in  the  future.  Although  the  rocks  of  Cambrian, 
Ordovician,  Carboniferous  and  Jurassic  age  are  believed  to 
underlie  the  entire  area,  almost  no  wells  exist  lower  than  the  Cre- 
taceous, and  the  water  horizon  of  the  Dakota  sandstone  is  the 
most  widely  extended  and  the  most  useful.  The  author  states 
that  over  a  thousand  deep  wells  have  been  sunk  east  of  Missouri 
River  most  of  which  are  from  500  to  1000  feet  in  depth  and  yield- 
ing a  large  supply  of  flt)wing  water,  most  of  which  is  used  for 
irrigation.  The  aggregate  flow  from  these  wells  is  estimated  to  be 
about  7,000,000  gallons  a  day.  From  the  Fox  Hills-Laramie  for- 
mation the  supply  is  much  more  limited.  The  Tertiary  deposits 
also  yield  useful  wells,  particularly  in  the  Denver  basin.  Finally, 
the  alluvial  deposits  of  the  Quaternary  ajfford  large  quantities  of 
water  from  limited  depths  (5  to  50  feet),  while  the  tubular  wells 
in  east  South  Dakota  and  east  Nebraska  bring  the  water  of  the 
glacial  drift  mainly  at  the  base  of  the  till. 

The  great  pressure  under  which  the  water  exists  is  a  point  of 
much  interest  and  shows  that  it  must  owe  its  origin  to  an  altitude 
some  thousands  of  feet  above.  Several  wells  in  eastern  South 
Dakota,  for  example,  show  surface  pressures  over  1 75  pounds  to 
the  square  inch,  and  two  are  a  little  over  200  pounds  ;  the  latter 
indicating  a  pressure  of  780  pounds  at  the  bottom  of  the  well. 
The  theoretical  hydrostatic  pressure  is,  however,  much  dimin- 
ished by  the  leakage  of  water  to  the  east  and  south.  Full 
details  are  given  in  the  volume  in  regard  to  existing  wells,  and 
the  work  closes  with  a  chapter  upon  the  Economic  Geology  of 
the  region,  that  is,  the  supplies  of  coal,  oil,  gas,  salt,  etc. 

3.  Origin  of  the  Channels  surrounding  Manhattan  Island^ 
New  York ;  by  W.  H.   Hobbs.     Bull.  Geol.  Soc.  America,  xvi, 
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pp.  151-182,  plate  35. — The  author  has  made  a  careful  study  of 
the  data  now  obtainable  in  regard  to  the  various  channels  around 
the  Manhattan  Island,  with  a  view  to  deciding  as  to  their  proba- 
ble origin.  In  1881  the  subject  was  discussed  by  J.  D.  Dana* 
and  their  formation  ascribed  to  the  presence  of  bells  of  limestone 
whose  erosion  was  believed  to  explain  the  topographic  features. 
Hobbs,  however,  concludes  that  there  is  no  sufficient  evidence  of 
a  correspondence  between  the  directions  of  belts  of  limestone,  or 
dolomite,  and  those  of  the  various  channels;  on  the  contrary,  he 
regards  them  as  owing  their  origin  to  lines  of  jointing  and  dis- 
placement. The  account  of  Jnlien  is  appealed  to,  giving  the 
location  and  orientation  of  the  principal  dikes  on  the  island, 
which  quite  generally  run  along  the  direction  of  the  avenues. 
Julien  shows  that  the  orientation  of  the  drainage  has  been  largely 
determined  by  the  planes  of  fracture.  Julien  has  also  shown 
that,  besides  these,  there  is  a  svstem  of  cross  faults  nearlv  at 
right  angles  to  the  avenues,  or,  in  other  words,  along  the  cross 
streets.  Thus  the  fissure  planes  occupied  by  the  dikes,  and  the 
perpendicular  series  often  occupied  by  quartz  lenses  and  pegma- 
tite, both  correspond  very  closely  in  their  direction  with  the  two 
series  making  up  the  main  drainage  system.  The  observations 
of  the  author  also  show  that  many  of  the  most  prominent  joint- 
planes  in  the  rocks  of  the  island  have  the  direction  of  the  cross 
fissures,  N GO °W.  He  concludes  that  **the  role  of  the  dolomite 
in  fixing  the  locations  of  the  present  channels  would  thus  appear 
to  have  been  a  subordinate  one,  excepting  in  so  far  as  the  direc- 
tion of  its  boundaries  has  been  determined  by  its  fissure  planes." 

4.  The  Isomorphism  and  Thermal  Properties  of  the  I  eld- 
spars.  Part  I,  Thermal  Study  ;  by  Arthur  L.  Day  and  E.  T. 
Allkn,  pp.  13-/5.  Part  II,  Optical  Study;  by  J.  P.  Iddings, 
pp.  77-95.  Plates  i  to  xxvi.  With  an  introduction  by  George 
F.  Becker,  pp.  4-12.  Publication  No.  31  of  the  Carnegie 
Institution  of  Washington. — The  first  part  of  this  volume  gives 
the  complete  presentation  of  the  results  obtained  by  Day  and 
Allen  in  their  very  important  work  upon  the  thermal  relations  of 
the  feldspars.  This  is  accompanied  by  a  series  of  twenty-six 
beautiful  plates  illustrating  the  crystallization  of  the  various 
comj)ounds  and  the  effect  of  very  high  temperatures  upon  them. 
An  extended  abstract  of  this  paper  has  already  been  given  in  the 
number  of  this  Journal  lor  February,  1905  (pp.  93-142). 

Part  II  gives  the  results  of  an  o])tical  study  by  Iddings  of  the 
series  of  lime-soda  feldspars  synthetically  obtained  by  crystalli- 
zation in  open  crucibles  from  fused  constituents.  In  addition  to 
the  detailed  description  of  thin  sections  of  the  individual  com- 
pounds, a  general  summary  is  given  which  contains  some  points 
of  so  much  importance  in  petrography  that  we  quote  largely 
from  it: 

"The  results  of  these  synthetical  experiments  agree  closely  in 
some   respects   while  differing  in  others.     They  agree  in  general 

♦This  Journal,  xxi,  25.  443;  xxii,  313,  1881. 
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in  the  habit  and  arrangement  of  the  crystals  of  the  dijfferent 
feldspars  produced,  while  differing  in  the  size  of  the  crystals  of 
ibe  various  feldspars  according  to  their  composition.  These 
results  have  an  important  hearing  on  the  problem  of  texture  and 
granularity  in  igneous  rocks. 

First,  as  to  the  habit  of  the  feldspar  crystals  produced  from 
solution  of  the  feldspar  constituents  without  admixture  of  other 
material.  So  far  as  can  be  determined  by  microscopical  study  of 
the  sections,  the  crystals  are  in  most  cases  blade-like  in  form  ; 
that  is,  they  are  elongated  plates.  They  vary,  however,  from 
one  extreme  to  another,  being  in  some  cases  equidimensional 
plates  of  extreme  thinness,  in  other  cases  prisms,  elongated  in 
one  direction  with  the  other  two  dimensions  equal.  The  develop- 
ment of  these  forms  takes  place  in  feldspars  of  various  composi- 
tions, and  appears  to  be  chiefly  a  function  of  the  rate  of  crystalli- 
zation and  not  of  the  chemical  composition  of  the  feldspar, 
except  as  this  modifies  the  viscosity  of  the  solution.  It  is  not 
possible  to  recognize  any  fixed  relation  between  the  habit  of  the 
crystals  and  the  cora))08ition  of  the  feldspar.  This  is,  of  course, 
in  accord  with  the  well-known  isomorphism  of  the  feldspar  group. 

The  common  mode  of  crystallization  in  these  preparations  is 
that  of  spherulitic  aggregations,  more  or  less  completely  devel- 
oped in  spherical  forms. 

The  elements  of  the  spherulites  are  bundle-  or  sheaf-like  aggre- 
gations of  long,  thin  blades,  which  blades  lie  nearly  parallel  to 
one  another  in  the  middle  or  narrower  part  of  the  bundle,  and 
diverge  at  the  ends  into  fan-like  or  plumose  forms.  Several  of 
these  bundles  or  blades  cross  one  another  at  the  middle,  and 
when  there  are  a  sufBcient  number  of  bundles,  or  when  they 
diverge  sufliciently,  a  completely  s])herulitic  aggregation  results. 

In  some  cases  a  spherulite  consists  of  bundles  or  prisms  that 
extend  uninterruptedly  from  the  center  to  the  outer  margin,  the 
rays  of  the  spherulite  being  nearly  straight.  In  other  cases  the 
spherulite  is  a  composite  of  divergent  bundles  shorter  than  the 
radius,  which  have  been  added  to  one  another  as  though  new 
plumes  had  started  from  the  ends  of  earlier  ones. 

In  most  cases  the  middle  portion  of  the  feldspar  bundles  con- 
sists of  stouter  crystals  than  the  outer  parts.  It  also  appears 
that  the  middle  portion  is  more  prismatic,  in  certain  cases  some- 
what cuboidal,  the  outer  parts  becoming  delicately  tabular.  This, 
with  the  divergence  in  position,  explains  the  spread  of  the  outer 
part  of  the  sphere.  There  is  a  great  increase  in  the  number  of 
individual  crystals  in  the  outer  portion  of  the  spherulite,  and  in 
gome  cases  the  crystals  also  increase  in  size  in  the  outer  part. 

The  shapes  of  the  crystals  are  due  to  the  flattening  of  the  crys- 
tal parallel  to  the  second  pinacoid  (010),  and  its  elongation  paral- 
lel to  the  crystal  axis  a.  The  outlines  of  the  plates  apj)ear  to 
conform  to  traces  of  several  ))inacoids  in  the  zone  of  the  h  axis, 
(OOJ),  (201),  (101),  ('201),  (304),  (203),  not  all  of  these  occurring 
together.  It  is  quite  probable  that  pinacoids  in  the  zone  of  the 
c  axis  also  may  be  developed,  but  they  were  not  recognized. 
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Bladed  forms  in  some  cases  prove  to  be  aggregates  of  thin 
plates  not  strictly  parallel  to  one  another  in  the  plane  of  flatten- 
ing, so  that  the  blade  is  curved  and  not  straight  in  the  direction 
of  its  longest  axis. 

In  some  spherulites  the  component  crystals  are  prisms  through- 
out, with  no  tabular  flattening.  The  number  of  crystal  prisms 
increases  from  the  center  of  the  spherulite  outward  by  the  devel- 
opment of  new  prisms  at  slightly  divergent  angles,  in  arborescent 
arrangement. 

The  most  complex  arrangements  are  produced  by  twinning  and 
divergence  combined,  resulting  in  feather-like  aggregates.  Long, 
narrow,  tapering  blades  in  albite  twins  form  a  shaft,  elongated 
parallel  to  the  crystal  axis  a,  on  two  sides  of  which  diverge  at  a 
slight  angle  a  double  set  of  thin  blades,  like  barbs.  These  con- 
sist of  branched  smaller  blades  or  prisms,  like  barbules,  the 
branch  prisms  having  approximately  the  direction  of  the  crystal 
axis  c.  The  two  sets  in  each  *'  barb  "  are  apparently  related  to 
one  another  as  the  halves  of  a  manebach  twin.  The  small  prisms 
are  composed  of  many  subparallel  plates  flattened  in  the  plane  of 
the  second  pinacoid  (010).  These  correspond  to  barbicels  in  a 
feather. 

With  respect  to  the  size  of  the  crystals  it  is  extremely  signifi- 
cant that  pure  anorthite  (An)  develops  in  comparatively  large 
plates,  5™*"  thick  and  20  to  30"*™  long,  in  a  few  hours,  whereas 
the  more  sodic  the  feldspar  the  smaller  the  individual  crystals 
formed  under  almost  the  same  conditions  of  cooling.  Thus  with 
oligoclase  (Ab^AnJ  the  individual  crystals  composing  a  bundle 
of  blades  are  considerably  less  than  0*01  "^"^  thick,  probably  about 
O'OOl"™,  a  difference  in  thickness  when  compared  with  anorthite 
of  about  5,000  to  1.  This  as  shown  elsewhere  is  due  to  the 
greater  viscosity  of  the  liquid  feldspars  near  their  solidifying 
point  as  they  approach  the  albite  end  of  the  series. 

Any  comparison  of  the  grain  of  rocks,  that  is,  the  size  of  the 
constituent  crystals,  with  a  view  to  determining  the  physical  con- 
ditions attending  the  solidification  of  the  magma,  must  be  based 
in  the  fir&t  instance  on  a  knowledge  of  the  behavior  of  the  vari- 
ous rock-making  minerals  under  similar  physical  conditions,  both 
separately  and  in  combination,  that  is,  in  solution  with  one 
another.  The  granularity  of  rocks  is  clearly  a  function  of  the 
chemical  composition. 

With  respect  to  the  homogeneity  of  the  crystals  separating 
from  the  liquid,  it  is  observed  that  the  great  part  of  each  crystal 
aggregation  appears  to  be  of  one  composition,  but  that  in  some 
cases  a  small  proportion,  probably  less  than  J  percent,  is  different 
from  the  bulk  of  the  feldspar,  both  in  composition  and  habit.  In 
one  instance  this  small  variant  differed  in  composition  but  not  in 
habit  from  the  main  mass  of  crystals. 

In  the  first  case  it  appears  that  crystallization  began  with  feld- 
spar richer  in  the  anorthite  molecule  than  the  solution  and  devel- 
oped  cuboidal   forms.      These    were    prolonged    into   prismatic 
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bundles,  the  prisms  having  the  composition  of  the  main  mass  of 
crystals. 

In  the  second  case  the  small  variant  crystallized  toward  the  end 
of  the  crystallization  and  contained  more  albite  molecules  than 
the  main  mass  of  feldspar  crystals.  It  had  the  same  habit  as  the 
other  more  calcic  portion,  and  appears  to  have  crystallized  at  the 
same  time  with  it,  the  crystals  with  different  optical  properties 
being  by  the  side  of  one  another  and  not  in  zonal  relation. 
Neither  of  the  feldspars  represents  the  end  members  of  the  series, 
An  or  Ab." 

The  Introduction  to  the  volume  by  Becker,  to  whom  the  orig- 
inal plan  of  the  work  is  largely  due,  will  be  read  with  much 
interest. 

5.  The  Tin  Deposits  of  the  Carolina^;  by  J.  H.  Pratt  and 
D.  B.  8TERRETT.  64  pp.  Raleigh,  1904.  Bulletin  No.  19  of  the 
North  Carolina  Geol.  Siirvey,  J.  A.  Holmes,  State  Geologist. — 
The  occurrence  of  tin  in  the  country,  and  the  southern  states 
particularly,  is  mentioned  in  Bulletin  No.  260  of  the  Geological 
Survey,  noticed  on  page  70.  This  paper,  by  Pratt  and  Sterrett, 
appears  from  the  North  Carolina  Geological  Survey  and  takes  up 
in  detail  the  tin  deposits  of  North  and  South  Carolina.  The  first 
discovery  of  tin  ore  was  made  near  Kings  Mountain,  North  Caro- 
lina, in  1883,  though  but  little  progress  was  made  until  1903, 
when  the  Ross  mine  at  Gaffney,  South  Carolina,  was  discovered. 
During  these  twenty  years,  considerable  prospecting  has  been 
done  on  the  Carolina  tin  belt,  so  that  this  can  now  be  traced 
quite  definitely  in  a  northeasterly  direction  from  Gaffney,  Chero- 
kee county.  South  Carolina,  across  Gaston  and  Lincoln  counties, 
North  Carolina.  Tin  deposits  also  occur  in  Rockbridge  county, 
Virginia. 

A  full  account  is  given  of  the  work  which  has  been  accom- 
plished thus  far,  and  a  brief  statement  is  added  of  the  occurrence 
of  tin  in  other  parts  of  the  country  and  abroad.  At  present,  the 
practical  work  in  the  Carolina  belt  is  limited  to  hydraulic  pnining 
in  the  alluvial  gravels,  the  vein  tin  requiring  different  and  more 
expensive  treatment.  Such  deposits  as  those  of  the  Ross  mine 
are  regarded  as  thoroughly  remunerative,  but  in  a  large  propor- 
tion of  the  alluvial  deposits  the  yield  of  cassiterite  is  relatively 
small  and  this  fact  makes  successful  mining  more  problematical. 

6.  Tuhicolous  Annelids  of  the  Tribes  Sahellides  and  tSerpu- 
lides  from  the  Pacific  Ocean;  by  Katharine  J.  Bush,  Ph.D. 
8vo,  130  pp.,  44  plates. — This  admirable  memoir  forms  part  of 
volume  xii  of  the  reports  of  the  Harriman  Alaska  Expedition.  It 
includes  a  list  of  all  known  Pacific  Ocean  species  of  these  groups 
and  a  very  complete  bibliogra])hy.  The  systematic  portion 
includes  full  descriptions  and  illustrations  of  all  the  known 
species  from  California  to  Alaska.  In  the  case  of  Spirorhis  all 
the  known  species  are  reviewed  from  other  regions  also.  Many 
of  the  illustrations  are  from  photographs  reproduced  as  helio- 
types.     The  northwest  coast  of  America  seems  to  be  one  of  the 
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great  headquarters  of  the  Sabellidte,  for  the  species  are  unusually 
large,  handsome,  and  numerous.  Many  new  genera  and  species 
are  described  and  the  previously  known  genera  are  revised. 

A.   E.   V. 

7.  A  StudeniH  Text-Book  of  Zoology^  Vol.  II ;  by  Adam 
Skdoavick.  London  :  Swan  Sonnenschen  &>  Co.  New  York  : 
Macmillan  Co.  705  pp.,  3.33  cuts. — The  second  volume  of  this 
excellent  text-book  has  been  received.  It  includes  the  true  Ver- 
tebrata  and  Cephalochorda.  These  are  treated  with  unusual  full- 
ness both  systematically  and  anatomically,  and  are  well  illustrated, 
though  a  large  part  of  the  cuts  are  the  same  as  those  used  in  the 
well  known  work  of  Claus.  About  fifty  cuts  are  new.  In  the 
case  of  fishes  the  somewhat  old  classification  of  Gunther  has  been 
followed.  Many  later  improvements  in  that  group  might  well 
have  been  adopted.  On  the  whole,  it  is  the  best  text-book  on  the 
morphology  of  the  Vertebrata  now  available.  a.  e.  v. 

8.  A  PreUininary  Report  on  the  Protozoa  of  the  liVesh  Waters 
of  Connecticut ;  by  Herbert  William  Conn.  Bulletin  No.  2, 
Connecticut  State  Geological  and  Natural  History  Survey.  69  pp., 
34  pis.,  1905. — This  rei)ort  deserves  more  than  a  passing  notice 
because  it  is  the  first  attempt  yet  made  to  enumerate  and  illus- 
trate all  the  unicellular  animals  found  in  any  locality  in  America. 
As  implied  by  the  title,  the  present  report  is  but  the  beginning  of 
an  extensive  work,  in  which  it  is  aimed  to  eventually  include  a 
general  study  of  all  the  Protozoa  found  in  the  State,  with  a  con- 
sideration of  their  habits,  evolution,  geographical  distribution, 
and  their  economic  relation  to  the  purity  of  drinking  waters. 
The  preliminary  work  for  such  a  study  must  be  the  identification 
of  the  species,  and  to  aid  microscopists  in  recognizing  the  forms 
already  found  the  present  report  is  provided  with  303  figures,  all 
of  which  are  from  original  drawings  by  the  author  from  speci- 
mens collected  in  the  State,  and  include  every  species  which  the 
author  has  thus  far  recognized  in  the  region.  No  attempt  has 
been  made  to  give  names  to  the  new  genera  and  new  or  unidenti- 
fied species  which  are  thus  illustrated,  such  forms  being  desig- 
nated merely  as  "  new  genus  "  and  "  sp.  (?)"  respectively.  In  the 
final  report  it  is  intended  to  furnish  generic  and  specific  diag- 
noses of  all  these  forms,  but  the  present  work  is  provided  with  a 
brief  description  of  the  recognized  genera  only,  specific  descrip- 
tions being  wholly  omitted.  There  are  admirably  arranged  keys 
to  orders  and  genera.  The  figures  are  remarkably  well  drawn, 
and  are  printed  in  such  a  manner  as  to  reflect  great  credit  on  the 
officers  of  the  Survey,  as  well  as  on  the  author.  The  excellence 
of  these  plates  is  in  striking  contrast  with  the  character  of  the 
illustrations  published  in  the  majority  of  State  reports  in  recent 
vears. 

The  value  of  this  work  will  go  far  in  justifying  the  inaugura- 
tion of  the  newly  established  Geological  and  Natural  History 
Survey  of  the  State  and  forms  a  worthy  leader  of  its  series  of 
zoological  publications.  w.  r.  c. 
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.  JpjtudeB  sar  P Instinct  et  les  Moeurs  des  Insects;  by  J.-H. 
JRE.  Souvenirs  Entomologiques,  9*^  Serie,  pp.  374.  Paris. — 
8  ninth  volume  of  the  author's  very  interesting  accounts  of 
domestic  life  of  insects  describes  in  popular  language  some 
his  extensive  observations  on  the  habits  and  instincts  of  sev- 
.  species  of  spiders,  a  scorpion,  gall  insects,  etc.  w.  r.  c. 

0.  The  Rocky  Mountain  Goat ;  by  Madison  Grant.  Reprinted 
n  the  9th  Annual  Report  of  the  New  York  Zoological  Society. 
«r  York,  Office  of  the  Society,  1905.  36  pp. — A  well  illus- 
ed  account  of  the  systematic  position,  habits,  and  distribution 
this  little-known  game  animal,  which  is  not  strictly  a  goat, 
the  sole  American  representative  of   the  Rupicaprinae^  or 

intain  antelopes.  w.  r.  c. 

1.  A  Catalogue  of  North  Americafi  Diptera  {or  two-winged 
e«) ;  by  J.  M.  Aldricii.  (580  pp.  Washington,  1905.  Smith- 
ian  Miscellaneous  Collections,  No.  1444,  part  of  volume  xlvi. 
'he  author  states  that  this  work  is  based  upon  the  second 
rion  of  Osten  Sacken's  Catalogue  of  North  America  Diptera, 
lished  in  1878.  It  is  by  no  means  a  reproduction  of  this, 
rever,  for  the  twenty-five  years  that  have  passed  since  Sacken's 
alogue  have  doubled  the  number  of  species  and  otherwise 
light  many  changes;  the  careful  labors  of  the  author,  aided  by 
ly  gentlemen  interested  in  the  subject,  have  brought  all  this 
erial  together  into  a  valuable  and  homogeneous  volume. 

2.  Th^  Fauna  and  Geography  of  the  Maldive  and  Lacca- 
i  Archipelagoes ;  by  J.  Stanley  Gardiner,  M.A.  Vol.  II, 
t  IV,  pp.  807-921,  with  plates  Ixvii-lxxxvii  and  text  illustra- 
is  127-139.  (Cambridge,  1905  (The  University  Press). — This 
tinuation  of  the  account  of  the  collections  made  by  the  expe- 
on  of  1899-1900,  repeatedly  noticed  in  this  Journal,  contains 

following  reports ;  1.  The  Alcyonaria  of  the  Maldives, 
t  III,  by  Sydney  J.  Ilickson.  2.  Marine  Crustaceans,  XIV, 
;aridae,  by  Major  Alcock.  3.  Ilydroids,  by  L.  A.  Borradaile. 
I^otes  on  Parasites,  by  A.  E.  Shipley.  6.  Marine  Crustaceans, 
,  Les  Alpheidae,  by  H.  Couti^re. 

applement  I,  pp.  928-1040,  with  plates  Ixxxviii-c  and  text- 
itrations  140-153.  This  supplement  contains  the  following 
>rt8:  1.  Marine  Crustaceans,  XVI,  Amphipoda,  by  A.  O. 
Iker.  2.  Madreporaria,  III  Fungida,  IV  Turbinolidte,  by  J. 
aley  Gardiner.  3.  Scyphomedusae,  by  Edward  T.  Browne. 
IJoleoptera,  by  D.  Sharp.  5.  The  Cephalopoda,  by  W.  E. 
jle,  6.  Notes  in  the  Collection  of  Copepoda,  by  R.  Norris 
Ifenden. 

3.  The  American  Museum  Journal,  Published  quarterly  by 
American  Museum  of  Natural  History,  New  York  City. — 
}  second  number  of  volume  v,  "the  Brontosaurus  number," 
tains  an  account  of  the  mounted  skeleton  put  on  exhibition 
•'ebruary,  1906.  It  also  describes  the  two  bird  groups  recently 
ipleted  in  the  museum,  one  of  Flamingos,  the  other  of  the 
imer  bird-life  of  San  Joaquin  valley,  California ;  the  former 
articularly  striking  and  successful. 
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14.  Cold  Spring  Harbor  Monographs.  Published  by  the 
Brooklyn  Institute  of  Arts  and  Sciences,  March,  1905.— The  fol- 
lowing additional  numbers  have  been  issued. 

IV.  The  Life  History  of  Case  Bearers:  1,  Chlarays  plicata;  by 
Ella  Marion  Briggs,  12  pp.,  with  one  plate  and  eleven  text-figures. 

V.  The  Mud  Snail:  Kassa  obsoleta;  by  Abigail  Camp  Dimon, 
48  pp.,  with  two  plates. 

15.  Montana  Agricultural  College  Science  Studies ;  Botany. 
Published  quarterly  by  the  College,  Bozeman,  Montana,  1905. — 
Numbers  1,  2  and  3  of  volume  i,  139  pp.,  issued  together,  contain 
the  following  papers: 

I.  A  tientury  of  Botanical  Exploration  in  Montana,  1805-1905, 
Collectors,  Herbaria  and  Bibliography;  by  J.  W.  Blankinship. 

II.  Supplement  to  the  Flora  of  Montana,  additions  and  correc- 
tions; by  J.  W.  Blankinship. 

III.  Common  names  of  Montana  Plants;  by  J.  W.  Blankinship 
and  Hester  F.  Henshall.  This  is  accompanied  by  an  excellent 
colored  plate  of  the  pretty  Bitter-root  (Lewiaia  rediviva,) 

III.    Miscellaneous  Scientific  Intelligence. 

1.  Vbm  Kilimandscharo  zum  Meru;  von  C.  Uhlig.  Zeit- 
schrift  fttr  Erdkunde,  Berlin,  Jahrg.  1904,  No.  9  und  10.— This 
preliminary  account  of  a  journey  of  exploration  in  German  East 
Africa  contains  much  that  is  of  interest.  In  reading  the  opening 
pages  one  cannot  help  reflecting  how  greatly  the  task  of  explor- 
ation in  eastern  Central  Africa  has  been  simplified  in  the  last 
two  or  three  years  by  the  opening  up  of  the  Uganda  Railway. 
The  long  and  trying  journey  across  the  eastern  desert  region, 
which  exhausted  so  much  of  strength,  energy  and  resources 
before  the  real  work  began,  is  now  performed  in  comparatively 
few  hours.  Thus  our  author  leaves  the  coast  on  the  12th  of 
September,  and  nine  days  later  with  his  caravan  is  at  Moschi  on 
the  lower  slope  of  Kilimandjaro,  ready  to  commence  the  ascent. 

This  he  made  from  the  eastern  side  without  apparently  any 
serious  difliculty  beyond  the  suffering  entailed  by  the  sudden 
change  from  the  tropics  to  an  arctic  region.  It  will  be  recalled 
that  Kilimandjaro  has  two  summit  peaks,  a  higher  snow-capped 
one  to  the  west  called  Kibo,  and  a  lower  one  to  the  east  called 
Kimawonzi  or  Mawenzi  ;  these  are  separated  by  a  deep  saddle. 
Uhlig  reached  a  height  of  about  19,500  feet  on  Kibo,  but  was 
unable  to  attain  the  highest  point,  which  was  about  200  feet 
more  above  him.  He  gives  a  number  of  interesting  details  con- 
cerning the  snow  and  glacier  formations  accompanied  by  excel- 
lent photographs.  Since  the  last  ascent  by  Hans  Meyer  the 
amount  of  ice  and  snow  appears  to  have  distinctly  increased. 
One  striking  feature  was  the  occurrence  along  the  snow  slopes  of 
long  processions  of  weird  and  bizarre-shaped  figures  several  feet 
high,  similar  to  those  observed,  of  much  greater  size,  in  the  Andes, 
amd  to  which  the  name  of  '*  nieve  penitente "  has  been  given 
from  the  suggestion  which  they  offer  of  processions  of  white- 
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robed  penitents.  Uhlig  remarks  that  those  he  saw  much  niore 
resembled  trains  of  white  poodles,  rabbits  and  the  snow  men 
made  by  children  than  penitents.  He  ascribes  their  formation  to 
the  ablation  from  insolation  and  the  dryness  of  the  air,  though 
other  factors  must  be  sought  to  explain  their  regularity  of  arrange- 
ment, as  they  appear  in  two  distinct  lines,  one  up  and  down  the 
slope,  the  other  at  right  angles,  i.  e.  along  contour  lines.  The 
mention  of  this  arrangement  by  Uhlig  suggests  that  perhaps 
cracking  of  the  hardened  snow  into  such  systems,  combined  with 
the  agencies  mentioned  above,  may  explain  the  phenomenon. 

He  also  made  a  second  ascent  of  Kibo  from  the  south  into  the 
glacier  zone  and  discovered  a  new  one,  not  previously  mapped, 
to  which  the  name  of  Richter  glacier  is  given.  A  fine  photo- 
graph of  Kibo  from  the  south  shows  a  great  snow-covered  dome 
with  long  glacial  tongues  reaching  down  from  it. 

After  this  w^ork  on  Kilimandjaro,  Uhlig  turned  his  attention  to 
Meru,  a  great  volcano  which  rises  to  the  westward.  Its  height 
is  about  15,200  feet.  His  first  ascent  was  made  from  upper 
Aruscha  on  the  south  flank,  at  an  elevation  of  about  4,500  feet. 
At  7,000  feet  a  girdlfe  composed  of  dense  masses  of  bamboos  was 
encountered,  which  lasted  to  about  8,800  feel,  and  which  required 
the  greatest  eflforts  to  penetrate.  It  appears  quite  similar  to  the 
bamboo  zone  which  Gregory  encountered  on  Mt.  Kenia,  and 
which  be  found  so  difficult  to  surmount.  Above  this  the  moun- 
tain offered  no  especial  difficulties  aside  from  the  extraordinary 
steepness  of  itB  slopes.  Towards  its  upper  limit  the  fiora  assumes 
the  distinctly  alpine  character  noted  on  the  other  great  volcanoes 
of  equatorial  Africa.  Some  forms  of  vegetation,  grasses,  com- 
positae  and  Arabis  albida^  persist  even  to  the  top.  No  snow  was 
found  on  Meru,  its  summit  falling  over  2,000  feet  short  of  the 
snow-line  on  the  neighboring  Kilimandjaro.  Nor  were  any  marks 
of  a  former  period  of  glaciation  visible,  although  on  Kilimandjaro, 
according  to  Meyer,  the  glaciation  once  extended  some  3,000  feet 
lower  than  at  present,  and  Gregory  found  evidences  of  much 
more  extended  glaciation  on  Kenia  than  it  now  shows.  It  is  pos- 
sible, however,  that  Meru  may  have  had  small  hanging  glaciers. 

At  the  summit  Uhlig  found  himself  on  the  edge  of  a  vast  crater, 
whose  precipitous  walls  fell  beneath  him,  over  4,000  feet  to  the 
bottom.  The  highest  point,  on  the  opposite  wall,  he  attempted 
in  a  second  ascent  from  the  northeast,  but  was  unable  to  attain. 

Meru  is  a  concentric  crater  w^hich  shows  several  periods  of  vol- 
canic activity.  There  is  an  outward  somma  with  broad  opening 
to  the  east.  Within  this  and  close  to  it  is  an  inner  somma  with 
a  narrow  opening  to  the  west  through  it  and  the  outer  one. 
Within  these  is  the  deep  caldera  mentioned  above  with  relatively 
level  surface,  on  the  south  side  of  which  and  near  the  encircling 
wall,  rises  an  ash  cone  which  Uhlig  believes  to  have  very  recently 
been  in  an  active  condition.  The  caldera  is  about  one  and  a  half 
miles  broad. 

Mtlgge,  who  studied  the  rock  specimens  brought  back  by 
Fischer*  from  his  journeys  in  equatorial  Africa,  found  the  sam- 

*  Nenes  Jahrb.  filr  Min.,  Beil.  Bd.  iv. 
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pies  collected  near  the  base  of  Meru  to  be  of  tephrite,  leading  to 
the  suspicion  that  the  volcano  was  built  up  of  extrusive  magmas 
of  alkalic  nature.  This  was  fully  confirmed  by  the  material  col- 
lected by  Uhlig,  the  preliminary  study  showing  it  to  consist  of 
varieties  of  the  phouolite-tephrite  family.  There  is  thus  added 
another  instance  to  confirm  the  highly  alkalic  character  of  the 
East  African  petrographic  province,  whose  nature  and  extent 
through  the  studies  of  Hyland,  Gregory,  Prior,  Lacroix  and 
others,  we  are  now  beginning  to  appreciate.  Now  that  the  way  has 
been  opened  into  eastern  equatorial  Africa,  we  may  expect  that 
detailed  studies  of  the  region,  such  as  Uhlig  has  been  making  in 
the  Kilimandjaro  region,  will  furnish  in  geography,  in  geology 
and  in  other  fields  of  science,  results  of  great  importance  and 
interest.  l.  v.  p. 

2.  Glacial  Studies  in  the  Canadian  Rockies  and  Selkirks, — 
A  paper  upon  the  above  subject,  by  W.  II.  Sohekzrr,  is  contained 
in  Part  4,  Vol.  II,  of  the  Quarterly  Issue  of  the  Smithsonian  Mis- 
cellaneous Collections,  This  gives  an  account  of  the  results 
obtained  in  connection  with  the  Smithsonian  Expedition  of  1904. 
It  is  made  particularly  interesting  by  a  series  of  excellent  illus- 
trations reproduced  from  photographs.  Many  of  the  details  of 
glacial  structure  are  particularly  well  shown;  as,  for  example,  the 
Forbes  **dirt  bands,"  the  "dirt  stripes,"  the  stratification  and 
shearing  exhibited  in  the  glacial  front,  also  the  various  forms  of 
moraines  under  many  different  conditions. 

3.  The   Solar    Observatory    of    the    Carnegie  Institution   of 
Washington;    by   George   E.    Hale.      22   pp.    with    5   plates. 

Contributions  from  the  Solar  Observatory,  Mt.  Wilson,  Cali- 
fornia, No.  2. — This  second  contribution  from  the  Mt.  Wilson 
Solar  Observatory  (see  p.  473  of  the  June  number)  details  the 
special  objects  aimed  at  in  its  construction  and  the  particular 
lines  of  work  which  it  is  proposed  to  carry  through.  An  account 
is  given  also  regarding  the  erection  of  the  Snow  telescope,  sent 
out  by  the  University  of  Chicago,  and  also  the  progress  made  in 
the  construction  of  other  buildings.  The  present  staff  of  the 
Observatory  is  as  follows:  Director,  George  E.  Hale;  Astronomer 
and  Superintendent  of  Instrument  Construction,  G.  W.  Ritcbey ; 
and  Assistants,  Ferdinand  Ellermann  and  Walter  S.  Adams. 

4.  United  States  N^aval  Observatory^  Rear- Admiral  Colby 
M.  Chester,  U.  S.  N.,  Superintendent.  Second  series.  Vol.  IV, 
Appendix  IV.  The  present  status  of  the  Use  of  Standard  Time  ; 
by  Edward  E.  Hayden,  Lieut.  Commander,  U.  S.  N.  28  pp. 
Washington,  1905. — This  paper  explains  the  use  of  "standard 
time  "  and  shows  the  remarkable  extension  of  this  system  over 
the  world. 

5.  Publications  of  West  Hendon  House  Observatory^  Sunder- 
land. No.  Ill,  1905.  Pp.  xi,  122,  with  9  plates. — This  volume 
contains  the  results  of  an  extended  series  of  observations  by  Mr. 
T.  W.  Backhouse,  upon  certain  variable  stars,  made  during  the 
years  1866-1904. 
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Art,  X.  —  On   the  Mechanical  Equivalent  of  the  Heat 
Vaporization  of  Water  ;  by  R.  H.  Hough. 

The  object  of  this  investigation  is  the  development  of  a 
method  for  the  determination  of  the  mechanical  equivalent  of 
the  heat  of  vaporization  of  water  directly  in  ergs :  i.  e.,  of  a 
method  not  involving  the  use  of  the  calorie. 

This  equivalent,  which  will  be  desifi^nated  in  what  follows 
by  L,  is  usually  expressed  in  terms  of  the  calorie  varying  from 
536  C.  to  540  C,  depending  on  the  particular  calorie  taken  as 
the  unit  and  the  particular  method  pursued. 

Eegnault's  is  the  only  classic  determination.  He  defined 
the  calorie  as  the  amount  of  heat  to  raise  a  kilogram  of  water 
from  0°  to  1°,  and  worked  out  the  following  formula : 

L=606-5  — 0-695«— 0-00002^»— 0-0000003«» 

At  standard  pressure  this  gives  the  value  536*5,  which  is 
generally  used  by  physicists,  notably  by  Joly  in  the  reduction 
of  his  determinations  with  the  steam  calorimeter.  In  close 
agreement  with  this  value  is  the  536;2  of  Berthelot,  whose 
method  was  much  less  complicated.  The  empirical  formula  of 
Griffith  :* 

Lrrsge-va— 0-60U 

gives  the  value  536*63  in  terms  of  the  calorie  from  14°'5  to 
15®'5  centigrade.  This  agreement  is  only  apparent,  and  a 
more  just  value  of  L  is  obtained  by  following  (jallendar,t  who 
estimated  L  from  the  observations  of  Joly  and  Barnes.     Jolyij: 

*  Griffith,  Phil.  Trans.  A.,  1895,  p.  261. 
+  Callendar,  Proc.  Roy.  Soc,  Ixvii,  190(>. 
%  Joly,  Proc.  Boy.  Soc,  xlvii,  1889. 
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determined  the  mean  specific  heat  of  water  from  12°  to  100° 
in  terms  of  the  calorie  at  20°  using  the  following  relation  : 

observing  w^  W,  ^„  and  ^„  and  taking  Regnault's  value  of  L, 
536*5.  Callendar  substitutes  in  this  relation  Joly's  observa- 
tions of  Wj  W,  ^„  and  ^,,  and  Barnes'*  determination  of  the 
mean  specific  heat  of  water  from  12°  to  100"  in  terms  of  the 
calorie  at  20°  and  solves  for  L.  This  gives  the  value  of  540*2 
in  terms  of  the  calorie  at  20°.  Callendar  prefers  this  value  to 
that  of  Regnault  and  uses  it  in  his  work  on  the  properties  of 
steam.  It  is  probable  that  even  this  value  is  low,  since  Barnes'f 
values  for  the  specific  heats  of  water  from  40°  to  100°  are 
almost  parallel  to  but  much  lower  than  those  of  Regnault. 
There  is  much  uncertainty  as  to  the  value  of  L  in  calories. 

There  is  as  yet  no  absolute  determination  of  L  in  ergs.  It 
may  be  expressed  in  ergs,  however,  as  the  product  of  L  in 
calories  into  the  mechanical  equivalent  of  heat.  Using  540*2 
as  the  most  probable  value  of  L  in  calories  at  20°  and 
4*184x10^  as  the  most  probable  value  of  the  mechanical 
equivalent  at  20°,  this  being  an  average  of  the  values  due  to 
Barnes,  Rowland,  Griflith,  Schuster,  and  Moorby,  gives 
2*26X10'*  against  2*24X10'"  from  Regnault's  value. 

The  sources  of  error  for  this  value  are  many.  It  can  not  be 
stated  that  the  mechanical  equivalent  of  the  heat  of  vaporiza- 
tion of  water  is  known  with  certainty  to  one  per  cent. 

In  any  method  of  calorimetry  involving  the  use  of  the 
calorie,  no  greater  degree  of  accuracy  can  be  attained  than  that 
of  the  calorie  itself.  But  the  determination  of  the  value  of  C 
involves  the  use  of  the  thermometer  and  all  the  errors  incident 
to  the  measurement  of  temperature.  That  these  are  greater 
and  more  varied  than  is  commonly  supposed,  and  can  only  be 
corrected  for  by  the  exercise  of  the  greatest  care  and  skill,  is 
definitely  shown  by  Rowland:!:  in  his  work  on  thermometry. 
He  sees  visions  of  careful,  painstaking  observers  conscientiously 
reading  with  telescope  and  micrometer  eye-piece  to  the  thou- 
sandth part  of  a  degree,  unconscious  of  the  fact  that  variations 
due  to  internal  and  external  pressure,  apparent  friction  and 
previous  history,  to  say  nothing  of  those  due  to  the  sectional 
calibration  and  the  fundamental  points,  are  many  times  as  great 
as  the  usual  errors  of  parallax  and  estimation. 

Griffith,^  who  is  not  so  caustic  though  quite  as  vigorous, 
says :  "  The  difficulties  with  regard  to  the  measurement  of 
temperature  are  not  peculiar  to  the  electrical  method  of  inves- 

*  Brit.  Assoc.  Rep.,  1889.  \  Phil.  Trans.  A.,  1902,  vol.  cxcvii. 

t  Rowland,  Proc.  Am.  Acad,  of  Arts  and  Sciences,  vol.  xv. 
§  Griffith,  Phil.  Trans.,  1893. 
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tigation,  and  therefore  I  need  not  dwell  upon  them.  I  would, 
however,  venture  to  add  my  expressions  of  astonishment  to 
those  of  Rowland,  that  so  many  enquirers  attach  so  little  im- 
portance to  this  point :  many  investigators,  whose  methods 
nave  otherwise  been  of  a  high  order  of  accuracy,  having  satis- 
fied themselves  with  the  mercurial  thermometer  as  a  standard." 
Rowland*  rejects,  as  having  no  weight,  previous  determinations 
in  which  the  thermometer  readings  were  not  reduced  to  the 
air  scale.  As  to  the  difficulty  of  this  reduction,  and  to  the 
general  uncertainty  of  the  apparent  readings  of  the  ordinary 
thermometer,  a  very  instructive  object  lesson  is  to  be  found  in 
an  article  by  Cole  and  Durgan,t  entitled  "An  Example  in 
Thermometry." 

It  is  the  record  of  a  systematic  calibration  of  a  Gerhardt 
thermometer,  made  in  a  concise  and  thorough  manner.  The 
mere  statement  of  the  corrections  made,  the  record  of  the 
observations,  and  the  results  of  the  calculations,  stated  as 
briefly  as  consistency  with  clearness  would  permit,  occupy 
twenty  pages.  In  his  determination  of  the  mechanical  equiva- 
lent of  heat,  Rowland  made  the  most  involved  and  elaborate 
corrections  on  his  thermometer  readings,  and  only  brought  his 
results  and  those  of  Joule  into  agreement  by  making  the  same 
kind  of  corrections  for  the  latter's  thermometers.  Without 
raising  the  question  of  the  soundness  of  such  corrections,  it  is 
evident  that  a  method  for  the  determination  of  any  fundahien- 
tal  heat  constant  independent  of  them  is  desirable  if  only  to 
serve  as  a  clieck :  for  the  only  way  to  minimize  their  effect  is 
to  extend  the  range  of  temperature,  which  is  sure  to  increase 
the  errors  due  to  radiation,  conduction  and  the  calorimeter  con- 
stant. 

The  error  due  to  the  latter  constant  need  not  be  large, 
provided  only  that  the  water  equivalent  of  the  calorimeter  be 
small  compared  with  that  of  the  substance  under  observation, 
and  this  can  usually  be  accomplished  without  much  difficulty. 

The  error  due  to  the  water  vapor  in  the  steam  is  only 
present  in  methods  of  steam  calorimetry  and  is  almost  entirely 
eliminated  bj  the  differential  method. 

The  errors  due  to  radiation,  convection  and  conduction  are 
more  serious.  Reynolds;):  remarks  on  Joule's  determination 
''  that  notwithstanding  the  greater  facilities  enjoyed  by  subse- 
quent observers  owing  to  the  progress  of  physical  appliances, 
the  inherent  difficulties  remained :  the  losses  from  conduction 
and  radiation  could  only  be  minimized  by  restricting  the  range 
of  temperature  and  this  ensured  thermometric  difficulties,  par- 

•  Bowland,  Proc.  Am.  Acad.,  vol.  xv. 

f  Cole  and  Dnrgan,  Phys.  Review,  vol,  iv,  1896. 

X  Reynolds,  Phil.  Mag.,  1897. 
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ticnlarly  with  the  air  thermometer  which  does  not  admit  of 
very  close  reading."  In  fact,  so  uncertain  are  the  corrections 
for  radiation  and  conduction,  that  Griffith*  asserts  as  "the 
general  principle  on  which  he  proposed  to  work,  that  of  elimi- 
nating the  effects  of  radiation,  conduction,  etc.,  rather  tlian 
that  of  ascertaining  the  actual  loss  or  gain  due  to  such  causes." 
He  eliminates  these  effects  by  maintaining  the  walls  of  the 
chamber  enclosing  his  calorimeter  at  a  constant  temperature 
and  gradually  raising  the  temperature  of  the  calorimeter  from 
some  point  below  to  some  point  above  that  of  the  jacket,  such 
that  the  gain  and  loss  by  the  calorimeter  are  equal.  This  he 
calls  the  null  point  and  determines  it  experimentally.  The 
correction  for  convection  by  this  method  is  doubtful. .  Row- 
land, who  also  bunches  the  losses  due  to  radiation,  convection 
and  conduction,  estimates  the  loss  by  convection  to  be  more 
than  75  per  cent  of  the  total  losses  from  these  causes.  He 
likewise  corrects  empirically.  Obviously  a  better  plan  would 
be  to  eliminate  not  only  the  effects  but  the  cause  of  these 
errors  by  maintaining  the  calorimeter,  the  jacket  and  the  inter- 
vening medium  at  the  same  constant  temperature,  if  a  method 
admitting  of  such  a  process  is  possible.  In  fact,  the  principle 
of  elimination  of  source  of  error  is  fundamental  to  all  physical 
measurements  since  minimization  and  correction  formulae  can 
never  be  more  than  a  series  of  successive  approximations. 

The  grounds  then  for  a  new  method  of  determining  L 
are :  (a)  the  absence  of  any  authoritative  determination ;  (J) 
the  absence  of  any  absolute  method ;  (c)  the  inherent  sources 
of  error  in  the  present  indirect  methods.  These  are  suffi- 
cient but  there  are  weightier  considerations:  i.  e.  the  advan- 
tages resulting  from  the  use  of  L  as  the  primary  heat  unit. 
Much  can  be  said  in  favor  of  L  instead  of  C  as  the  primary 
heat  unit,  especially  since  the  development  of  steam  calori- 
metry  by  Bunsen  and  Joly. 

The  substance  under  calorimetric  observation  may  be  in  a 
thermo-dynamic  or  in  a  thermo-static  condition.  The  tempera- 
ture may  be  changing,  or  it  may  be  constant.  In  the  first  case 
the  thermometer  should  be  accurate,  delicate  and  sensitive. 
That  is  to  say,  that  not  only  should  all  corrections  to  reduce  its 
readings  to  the  air  scale  be  definitely  known,  but  it  should 
respond  to  small  variations  of  temperature  in  a  readable  degree 
and  respond  quickly.  In  this  case  the  readings  must  be  tcucen 
rapidly  and  are  necessarily  limited  in  number.  In  the  second 
case  the  thermometer  should  be  accurate  and  delicate  but  not 
necessarily  sensitive  to  a  higher  degree.  The  readings  may  be 
taken  more  leisurely,   with   greater  precision,   and  are  only 

•  Griffith,  Phil.  Trans.,  1893. 
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limited  in  number  by  expediency.  It  is  apparent  that  methods 
necessitating  observations  of  the  first  class  are,  other  things 
being  equal,  inferior  to  those  involving  readings  of  the  second 
class  only.  The  determinations  of  Regnault,  Joule,  Rowland, 
Moorby,  Griffith  and  Barnes  all  involve  observations  of  the 
first  class.  In  Joly's  method  of  steam  calorimetry,  however, 
the  temperature  readings  are  made  while  the  substance  is  in  a 
state  of  thermal  equilibrium  which  may  be  maintained  almost 
indefinitely.*  In  tliis  respect  his  method  is  unsurpassed.  An 
absolute  determination  of  L  substituted  for  the  Regnault  value 
used  by  Joly  would  enhance  the  value  of  his  work  many  fold. 
His  differential  method  is  unquestionably  the  best  general 
method  of  calorimetry  yet  devised,  the  use  of  an  uncertain 
constant  being,  as  Joly  himself  pointed  out,  its  weakest  point. 

Barnes'  curve  for  the  heat  capacity  of  water  from  0°  to  100° 
will  never  be  changed  much  except,  perhaps,  by  shifting  the 
origin  along  the  axis  of  specific  heats.  Rowland  determined 
only  a  small  portion  of  this  curve,  which  from  10°  to  20°  is 
practically  parallel  to  Barnes'  but  lower  in  value.  Regnault 
determined  the  portion  of  the  curve  between  40°  and  100°. 
It  is  also  practically  parallel  to  Barnes'  but  much  higher. 
This  indicates  the  presence  of  constant  erroi's — but  where  ? 
In  this  particular  work  the  men  are  to  be  given  almost  equal 
weight.  A  constant  error  in  Rowland's  work,  whose  results 
agree  among  themselves  most  perfectly  but  for  which  he  only 
claims  an  accuracy  of  two  parts  in  a  thousand,  is  hard  to  locate. 
It  is  possibly  due  to  the  sensitiveness  of  his  thermometers  not 
being  great  enough  for  observations  on  a  substance  in  a  ther- 
modynamic condition.  Regnault's  constant  error  is  likely  due 
to  several  causes,  including  radiation,  while  Barnes'  is  possibly 
due  to  the  position  of  his  thermometers,  as  this  is  a  source  of 
error  common  to  all  continuous  methods  and  very  hard  to  elim- 
inate or  to  correct  for.  In  some  preliminary  work  on  the  ratio 
of  L  to  C,  an  attempt  was  made  to  develop  a  continuous 
method  of  steam  calorimetry.  It  was  abandoned  for  a  time  at 
least  because  the  results,  while  agreeing  very  well  among  them- 
selves, were  found  to  be  a  function  of  the  position  of  the  ther- 
mometers placed  in  the  ingoing  and  outcoming  water.  It 
would  not  be  safe  then  to  decide  which  of  these  curves,  agree- 
ing so  well  in  all  but  their  positions,  is  nearest  to  the  true  one. 
The  substitution  of  the  true  value  of  the  heat  of  vaporization 
of  water  in  Joly's  determination  of  the  mean  specific  heat  of 
water  from  12°  to  100°  in  terms  of  the  calorie  at  20°,  would 
give  a  value  by  which  Barnes'  curve  could  be  shifted.  In  this 
way  much  of  the  work  of  previous  investigators  in  calorimetry 

*  Joly,  Proc.  Roy.  Soc,  vol.  xlvii,  1889. 
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would  be  enhanced  in  value.  Hence  an  absolute  determina- 
tion of  the  mechaiiical  equivalent  of  tlie  heat  of  vaporization 
of  water  is  a  thing  to  be  desired  in  itself. 

The  pi-esent  method  aims  at  the  elimination  of  the  errore 
due  to  thermometrv,  the  calorimeter  constant,  the  water  vapor 
in  the  steam,  i-adiation  and  convection,  and  a  rigorous  correc- 


tion for  conduction.  The  devices  used  to  attain  these  ends 
will  be  described  in  detail  followed  by  a  discussion  of  the  priii- 
ciples  involved. 

The  general  plan  of  the  machine  and  the  relation  of  its  parte 
is  best  shown  hv  the  photograph  (fig.  1}  and  the  coiiventioiiai 
diagrams  (tigs.  2  and  3).    It  consists  essentially  of  (a)  a  vertical 
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shaft  to  which  power  is  supplied :  (b)  a  friction  brake  of  pecn* 
Kar  design  to  convert  the  mechanical  energy  into  heat :  (c)  a 
controlling  device  to  maintain  a  convenient  constant  load  :  {d) 
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a  cop  suBpeoded  from  the  arm  of  a  balance  to  hold  the  water 
to  be  evaporated :  (e)  two  bent  leverE  to  balance  the  friction 
against  gravity :  {f)  a  recording  device  to  plot  the  variation  of 
the  mechanical  force  with  the  number  of  revolutions:  {g)  a 
counter  to  register  the  number  of  revolutions:  [k)  a  clutch  for 
throwing  the  recorder  and  the  counter  in  or  out  of  gear  at  will : 
(*)  a  doiible-walled  jacket ;  {j)  a  sliield  between  the  cup  and  the 
jacket  to  prevent  radiation  :  (k)  a  steam  supply  to  furnish  the 
steam  batn. 

The  vertical  shaft  consists  of  a  hollow  steel  tobe  turned  and 
fitted  to  accurately  bored  braes  boxings.  Power  is  communi- 
cated to  this  through  the  bevel  gearing  at  the  top  from  the 
horizontal  shaft  which  is  driven  by  a  motor.  To  this  Horizon- 
tal shaft  ifl  geared,  through  the  clutch  by 
which  they  are  operated,  the  recorder  and 
the  counter.  Tne  counter  is  a  Veeder 
and  gives  excellent  service.  The  recorder 
consists  simply  of  ahorizontal  drum  whose 
angular  velocity  isalinear  function  of  that 
of  the  brake.  This  carries  the  paper  verti- 
cally under  the  marker.  Tlie  marker  is 
moved  horizontally  by  means  of  the  famil- 
iar device  for  parallel  motion  invented 
by  Watt.  The  parts  of  this  registering 
apparatus  are  very  light  and  accurately 
centered  on  hardened  steel  cone  bearings. 
They  communicate  directly  with  one  of 
the  bent  levers  so  that  the  position  of  the 
marker  at  anj'  instant  is  a  linear  function 
J  of  the  mechanical  force.  The  marker  is 
:  not  in  continuous  contact  with  the  paper, 
but  only  for  an  instant  at  regular  inter- 
\  als  when  struck  by  a  bar  which  is  actn- 
*  ated  by  a  cam  geared  directly  to  the 
;  drum,  Tbe  bent  levers  consist  of  accu- 
rately turned  cast-iron  pulleys  with  har- 
-  dcncd  eteel  knife  edges  bearing  on  har- 
I  dened  steel  surfaces.  Attached  to  these 
pulleys  are  pendulum  bars  and  'bobs. 
Flexible  steel  tapes  with  swivel  joints 
transmit  the  moment  from  tlie  disk  of 
'  the  friction  brake  to  the  pulleys  of  the 
bent  levers.  The  friction  brake  consists 
of  a  bobbin  threaded  to  the  vertical  ehaft 
^  and  rotating  with  it.  Two  rubbers, 
■  quadrant  sections  of  a  turned  steel  tube, 
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are  hinged  to  the  bobbin  by  means  of  a  double  joint  which 
permits  radial  motion.  A  toggle  joint,  operated  by  a  rod 
mside  the  vertical  shaft,  connects  the  two  rubbers  diametrically 
through  an  opening  in  the  bobbin.  This  rod  is  forced  upwards 
by  means  of  a  strong  spiral  spring  in  the  bottom  of  the  bobbin, 
and  draws  the  rubbers  in  toward  the  center  at  the  same  time. 
When  pressed  down  by  the  controlling  device  at  the  top,  it 
forces  the  rubbers  out  radially.  Surrounding  the  rubbers  and 
accurately  turned  to  tit  them,  is  a  cylinder  supporting  a  torsion 
disk  at  the  top.  As  the  shaft  rotates  the  rubbers  move  witli  it, 
and  on  account  of  the  friction  drag  the  cylinder  and  the  tor- 
sion disk  at  the  top  with  them.  This  motion  is  communicated 
by  the  tapes  to  the  pulleys  of  the  bent  levers  and  the  pendu- 
lums are  displaced  until  their  moment  is  equal  to  that  of  the 
friction.  The  double  hinged  joints  are  the  important  feature 
of  this  device.  They  permit  the  rubbers  to  seat  themselves 
perfectly  in  the  cylinder  and  the  resulting  friction  is  very  uni- 
form. In  fact,  the  small  periods  of  its  variations  are  so  short 
compared  to  that  of  the  long  bent  levers  that  they  are  com- 
pletely integrated  by  these  levers,  the  record  being  almost  a 
straight  line.  The  controlling  device  consists  of  a  hand  screw 
to  force  down  the  rod  operating  the  toggle  joint.  This  pres- 
sure is  transmitted  through  the  ball-bearing  since  the  rod  is 
rotating  with  the  shaft. 

The  manipulation  of  the  machine  is  quite  simple.  A  steam 
bath  is  allowed  to  flow  through  the  chamber  from  the  boilers 
throughout  the  experiment,  maintaining  all  parts  inside  tlie 
shield  at  the  temperature  of  the  bath.  The  motor  is  started 
and  the  load  is  gradually  increased  by  the  control  to  the  desired 
constant.  When  the  water  is  evaporating  freely  and  the  ther- 
mal conditions  have  been  maintained  constant  for  some  time, 
the  weights  are  adjusted  a  little  light  and,  as  the  water  in  the 
cup  evaporates  and  the  pointer  comes  to  the  zero,  the  clutch 
is  operated  throwing  the  counter  and  the  recorder  in  gear,  the 
weights  and  the  counter  having  been  observed  and  recorded. 
After  any  convenient  period  the  weights  are  again  adjusted  a 
little  light  and  the  clutch  again  operated  just  as  the  pointer 
comes  to  zero,  the  counter  and  the  weights  being  observed  and 
recorded. 

The  calculation  of  the  mass  of  the  water  evaporated  is  made 
in  the  usual  way,  but  that  of  the  mechanical  energy  may  need 
a  word  of  explanation.  Since  the  ordinates  and  the  abscissas 
of  this  curve  are  linear  functions  of  the  friction  and  the  num- 
ber of  the  revolutions  of  the  rubbers,  the  following  relations 
hold  : 

W  =  r'f.  ds 


=p- 
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=  C.A 


but 


A  =  Xy 

where  y  =  average  ordinate 
S  =  n.2irr 

where  n  =  no.  of  revolutioiw 
r  =:  radius  of  disk 

^. 

where  w,  =  total  weight  of  paper 

tOj  =  weight  of  A 

/    =  width  of  paper 

where  g  =  ace.  due  to  gravity 
G  =  mass  in  grams  to 
displace  marker  1 


cm 


W 


y^  z=z-^l,g,G.n,2irr. 


w^ 


The  constant  G  is  determined  by  empirical  calibration,  for 
which  four  steps  are  necessary :  the  calibration  of  the  scale  of 
one  of  the  pendulums  in  grams  per  centimeter  by  suspending 
weights  in  a  pan  from  the  pulley :  the  adjustment  of  the  mass 
of  the  other  pendulum  bob  to  the  same  grams  per  centimeter : 
the  adjustment  of  either  tape  until  any  deflection  of  the  disk 
gives  the  same  displacement  on  both  scales :  the  calibration  of 
the  marker  in  terms  of  these  scales.     This  determines  G. 

A  second  set  of  observations  is  taken  using  a  second  cylinder 
of  different  conductivity  capacity  from  that  of  the  first  and  L 
is  determined  from  the  following  relation  : 

where  w^  =  heat  in  ergs  to  the  rubbers 
M,  =  heat  in  ergs  to  water 
R  =  heat  in  ergs  radiated 

if  the  temperature  of  the  shield  approaches 

that  of  the  cylinder 

R  =  O        and 


W  =  M,  +  ?4, 


W  =  t/^-h  mh. 


but       w,  =(m4-m')L 

where  m  =  apparent  loss  of 
water  in  the  cup 
7h'= water  deposited 
on  cup  due  to 
water  vapor  in 
steam 

and  if  m  =0 
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Let 

W  =  w   4-  w.      for  the  first  cylinder 
W'=  M  J  +M ,    for  the  second  cylinder 

and        2/  =  m  L 
w,=  m'L 
Wj  _^ W  — mL 

But      du^  =:^iA(T,  -TJdT^ 

du,  =  ^(T.  -  T,  )dt 
du\  =  ^(T.  -  T\)dt 

where  A?  =  specific  conductivity 
A  =  cross  section  of  con- 
ductor 
/   =  length  of  conductor 
T  =  temperature 
t    =  time 
integrating 

0 

".  =  ^/"(T.  -  T,  )dt 
u\=-'-pJ   {T\-T,)dt, 

0 


and 


0 

A,  A,.      /"(T.  -T,y< 
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where  R  =  ratio  of  the  conductivity 

capacities  of  the  two 
cylinders. 


In  the  second  term  of  the  right  hand  member  the  two  fac- 
tors always  have  opposite  signs.  The  correction  is  therefore 
a  negative  quantity.  By  reducing  the  conductivity  capacity 
of  the  rubbers  and  increasing  that  of  the  cylinder,  this  correc- 
tion is  reduced  to  a  minimum.  Only  the  ratio  of  the  conduc- 
tivity capacities  is  demanded  by  this  formula,  not  the  specific 
conductivities.  This  ratio  is  determined  by  the  method  of 
cooling. 

The  advantages  of  this  method  are :  the  measurement  of  all 
quantities  involved  to  a  high  degree  of  accuracy,  depending 
only  on  the  skill  of  the  mechanician :  the  elimination  of  all 
errors  due  to  thermometry,  the  calorimeter  constant,  the  water 
vapor  in  the  steam,  radiation  and  convection :  the  minimiza- 
tion and  rigorous  correction  for  conduction. 

Preliminary  tests  of  the  most  rigorous  type  show  that  all  the 
factors  that  enter  into  this  result  are  entirely  within  control. 
A  long  series  of  observations  are  to  be  made  during  the  coming 
year,  from  which  it  is  confidently  expected  that  a  value  accurate 
to  at  least  one  part  in  a  thousand  will  be  obtained. 

University  of  Pennsylyania. 
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Abt.  XI. — The  Phosphorescence  of  Zinc  Sulphide  through 
the  Influence  of  Uondensed  Gases  obtained  hy  Heating 
Rare-Earth  Minerals  ;  bj  Charles  Baskerville  and  L.  B. 

LOCKHART. 

Helium  has  been  shown  to  be  a  product  of  the  disintegra- 
tion of  radium  emanations ;  it  is  also  obtained  from  minerals 
which  contain  thorium  and  uranium.  It  has  been  shown  by 
Afanassiew,  Mme.  Curie,  Crookes,  Strutt,  Hoffman,  Basker- 
ville, and  Boltwood  that  minerals  containing  these  elements 
are  radio-active. 

It  seemed  to  be  of  interest  to  ignite  these  minerals  and  con- 
dense the  gases  given  off  and  note  their  effect  upon  phospho- 
rescent zinc  sulphide.  The  method  of  procedure  was  essen- 
tially that  described  in  the  preceding  paper,  except  that  the 
pulverized  mineral  was  placed  in  the  closed  tube  of  hard  glass 
instead  of  a  radium  preparation.  Screens  of  Sidot's  blende 
were  prepared  in  strips  for  the  purpose.  The  glowing  of  the 
screen  was  assumed  to  indicate  tne  condensation  of  the  emana- 
tion. 

JNo  final  conclusion  could  be  drawn  from  the  experiments, 
which  were  distinctly  qualitative.  It  appeared,  however,  that 
those  minerals  which  offer  the  richest  sources  of  helium  gave 
the  greatest  amount  of  emanation.  Most  of  the  minerals  were 
obtained  by  purchase,  but  we  are  indebted  to  Dr.  Geo.  F. 
Kunz  for  some  of  them,  to  Dr.  H.  S.  Miner,  of  the  Welsbach 
Lighting  Co.,  for  others,  and  to  the  Nernst  Lamp  Co.,  Pitts- 
burg, Pa.,  for  still  others. 

In  addition  to  the  minerals  we  made  some  experiments  with 
uranium  compounds*,  commercial  thorium  oxide,  and  the  frac- 
tions of  that  element  obtained  in  our  laboratory. 

The  list  of  minerals,  and  observations  follow  : 


Mineral. 
Aeschynite 
Allanite  (orthite) 
Allanite 
AnnerOdite 
Aaerlite 
Bastn&site 
Brookite 
Camotite 

Camotite 

Catapleiite 

Cerite 

Cleveite 

Columbite 

Crytolite 

with  Fergusonite 


Locality. 
Hitter5,  Norway 
Amherst  Co.,  Virginia 
Amherst  Co.,  Virginia 
Norway 

Henderson,  N.  C. 
Manitou  Springs,  Col. 
Arkansas 
La  Salle  Creek,  Mont.  Co., 

Colorado 
Utah 

Brevig,  Norway 
Bastnas,  Sweden 
Moss,  Norway 
Amelia  Co.,  Virginia 
Bluffton,  Texas 

(Llano) 


Result. 
Fair  glow 
No  glow 
No  glow 
No  glow 
Fair  glow 
No  glow 
No  glow 

Fine  glow 
No  glow 
No  glow 
Fair  glow 
Fine  glow 
No  glow 
Faint  glow 


*For  which  we  are  indebted  to  Dr.  S.  A.  Tucker,  Colnmbia  Univeraity. 
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Mineral. 
Crytolite 
Euxenite 
Euxenite 
Ferguson  ite 
Gadolinite 
Gummite 
Hjelmite 
Monazite  sand 
Monazite 
Monazite  sand 
Mixite 
Orangite 
Orthite 
Pitchblende 

(Uraninite) 
Pechurane 
Samarskitc 
Steenstrupine 
Thorite 

Thorite  (Orangite) 
Thorogiimmite 
Tritomite 
Tyrite 
Uraninite 
Uraninite 
Uranite 
Uranophane 

Xenotime 

Yttro-tantalite 

Zeanerite 


Locality. 
S.  Co.,  Texas 
Spangercid,  Norway 
Arendal,  Norway 
Ytterby,  Sweden 
Fahlun,  Sweden 
Mitchell  Co.,  N.  C. 
Karapfvet 
Brazil,  S.  A. 
Norway 

Mitchell  Co.,  N.  C. 
Joachimsthal,  Bohemia 
Norway 
Arendal,  Norway 


Bohemia 

Mitchell  Co.,  N.  C. 
Urals 

Langesand,  Norway 
Brevig,  Norway 
BluflPton,  Llano  Co.,  Tex. 
Brevig,  Norway 
Tromso,  Norway 
North  Carolina 
Joachimsthal,  Bohemia 

(rare) 
Spruce  Pine,  Mitchell 

Co.,  N.  C. 
Hittero,  Norway 
Ytterby,  Sweden 
S.  B.,  Germany 


Substance. 
Uranium 
carbide 


Prenared  by 
Tucker 


Result. 
No  glow 


Uranium  oxide    Tucker 
Uranium 

nitrate  Purchased 

Thorium-X         Miner.     From  100 

gals,  wash-water 
Thorium  oxide    Same  as  for 

Welsbach  burners 


No  glow 

No  glow 

Fair  glow 
Fair  glow 


Berzelium* 

oxide 
Thorium* 

oxide 
Carolinium* 

oxide 


Irwin.    Monazite 

sand 
Davis.    Monazite 

sand 
Skinner.    Monazite 

sand 


No  glow 
Fair  glow 
No  glow 


Result. 
No  glow 
Fair  glow 
Good  glow 
Fine  glow 
No  glow 
No  glow 
No  glow 
Fair  glow 
Medium 
Very  faint  glow 
No  glow 
Medium 
No  glow 
Medium  glow 
(below  fair) 
Strong  glow 
Fine  glow 
No  glow 
Fair  glow 
Fair  glow 
No  glow 
No  glow 
No  glow 
Fine  glow 
Very  faint  glow 
No  glow 

Fair  glow 
Faint 
No  glow 
No  glow 

Remarks. 
Not  expected 
from  our  knowl- 
edge of  the  activ- 
ity of  uranium. 


Slight  glow  with 
tiffanyites.     No 
glow  with  solid 
willemite. 
No  glow  with 
tiffanyites. 
Slight  glow  with 
tiffanyites. 


♦These  preparations  were  made  in  our  laboratory,  University  of  North 
Carolina.  All  showed  some  but  not  the  same  radio-activity  when  tested  by 
the  electrical  and  photographic  methods. 
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Akt.  XII. —  The  Action  of  Radium  Em,anations  on  Min- 
erals and  Gems  ;*  by  Charles  Baskerville  and  L.  B. 
Lockhart. 

KuNz  and  Baskervillef  have  made  some  interesting  observa- 
tions concerning  the  action  on  minerals  and  gems  of  radium 
compounds  of  the  highest  activity  enclosed  within  glass,  as 
well  as  of  mixtures  of  weaker  preparations  with  a  limited  num- 
ber of  minerals,  especially  diamonds,  willemite  and  kunzite.:]: 
Rutherford  used  willemite  most  satisfactorily§  for  demonstra- 
ting to  a  large  audience  the  condensation  of  the  emanations  by 
means  of  liquid  air.  It  was  thought  advisable  to  subject  other 
minerals,  found  by  Kunz  and  Baskerville  to  be  fluorescent  or 
phosphorescent,  or  both  fluorescent  and  phosphorescent  under 
the  influence  of  ultra-violet  light,  to  similar  treatment.  We 
wish  to  express  our  obligations  to  Dr.  Geo.  F.  Kunz,  who  gen- 
erously provided  us  with  most  of  the  minerals,  all  of  which 
were  authenticated. 

The  method  of  testing  was  as  follows:  About  0*25  gram  of 
radium  chloride,  7000  uraniesl  strong,  was  placed  in  a  hard 
glass  tube  2°""  in  diameter,  sealed  at  one  end.  This  was  bound 
to  a  glass  tube,  provided  with  a  stop-cock,  which  was  bent  so 
as  to  reach  through  one  of  the  two  holes  in  a  rubber  stopper  to 
the  bottom  of  a  test-tube  2"°  wide  and  15^"  deep.  Througli 
the  other  hole  was  passed  a  bent  tube  so  that  it  just  projected 
below  the  rubber.  This  tube  was  provided  with  a  glass  stop- 
cock and  connected  with  an  ordinary  vacuum  pump.  The 
material  upon  which  the  action  of  the  emanation  was  to  be 
determined  was  placed  in  the  wide  test-tube.  The  tube  was 
then  dipped  into  liquid  air  contained  in  a  suitable  unsilvered 
Dewar  bulb. 

On  opening  the  cock  next  to  the  pump  while  it  was  in 
operation  a  good  vacuum  was  produced  in  the  container  tube. 
When  this  cock  was  closed,  the  radium  chloride  was  heated  to 
low  redness.  The  cock  between  this  and  the  test-tube  was 
opened.  The  emanations  were  swept  in  and  condensed.  In 
every  case  the  tube  and  contents  were  allowed  to  remain  in  the 
liquid  air  until  they  were  assumed  to  have  obtained  an  uniform 
temperature.  All  experiments  were  carried  out  in  the  dark 
and  observations  were  made  only  after  the  eyes  had  become 
accustomed  to  the  conditions. 

•  Read  before  the  Washington  Section  of  the  American  Chemical  Society, 
April  6tb,  1904.  t  Science.  %  Patent  applied  for. 

§  Address  before  the  American  Association  for  the  Advancement  of  Sci- 
ence, St.  Louis,  Mo.,  Meeting,  Dec,  1903. 

I  B J  an  *'  uranie  "  is  meant  the  radio-activity  of  metallic  uranium,  which 
ifl  taken  as  the  standard. 
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It  was  learned  that  tiffanyite  diamonds  are  quite  as  sensitive 
to  the  action  of  the  emanations  as  the  phosphorescent  zinc 
sulphide.  We  did  not  have  enough  diamonds  to  change  for 
each  experiment,  so  in  each  trial  a  strip  of  Sidot's  blende 
screen  was  inserted.  This  served  to  show  that  the  emanations 
had  been  condensed.  We  were  much  surprised  to  learn  on 
frequent  repetition  of  the  experiment  that  kunzite,  which  is  so 
responsive  to  radium,  neither  fluoresced  nor  phosphoresced 
when  the  emanations  were  condensed  thereon.  It  is,  there- 
fore, responsive  to  the  beta-  and  gamma-rays  only. 

Before  giving  the  results  of  the  observations,  which  follow 
in  tabulated  form,  it  mav  be  well  to  relate  the  results  obtained 
in  several  experiments,  tne  bearing  of  which  upon  the  question 
in  mind  is  apparent. 

The  cooling  of  zinc  sulphide  to  the  temperature  of  liquid 
air  does  not  cause  it  to  glow,  with  or  without  vacuum.  A  good 
vacuum  and  a  sudden  releasing  of  the  same  does  not  cause  zinc 
sulphide  to  glow.  But  wanning  it  to  ordinary  temperature 
after  removal  from  liquid  air  does  cause  it  to  glow  brilliantly. 
Chlorophane  and  kunzite  cooled  in  liquid  air  show  no  phos- 
phorescence. 

Action  of  emanations  from  radium  chloride  (7000  activity)  on : 


Mineral. 


Wollastonite 

White  woUaston- 
ite  (with  idocrase 
and  pink  garnet) 

WoUastonite 

Pectolite 

Pectolite 

Pectolite 

Spodumene 

Spodumene  (bid- 
denite) 

Spodumene 

Spodnmene  (kunz- 
ite) 

WlUemite 


Locality. 


Result. 


Harrisville,  Lewis  Slow  to  phosphor 


Remarks. 


Tribo-luminescent 


Co.,  N.  Y. 
Morelos,  Mexico 


escCf  faint 
Glows  brilliantly 


With  Ultra-Vio 
Light. 


Phosphorescent 


Qreenockite 

Hyalite 

Colemanite 

Chlorophane 

Tiffanyite 


Franklin  Tunnel,  Glows  briUiantly 

N.J. 
Havers,  N.  Y.         Nothing 
Paterson,  N.  J.       Nothing 
Gnttenburg,  N.  J.  Nothing 
Paris,  Me.  Nothing 

Alexander  Co.,  N.  Nothing 

C. 
U.G.,  Brazil,  S.  A.  Nothing 
Pala,  Cal. 


Loses  glow  in  less  Phosphorescent 
than    five  min- 
utes 

Loses  glow  quick- 
ly 


Franklin,  N.  J. 


Very    sUght 

sponse 
Glows  well 


re- 


Not  so  sensitive  as 
zinc  sulphide,  or 
tiffanyite ;  glows 
with  emanations 
from  commercial 
thorium  oxide 
Glows  strongly  Goes  away  quickly 
Yellowstone  Park  ■  Nothing 
Mono  Lake  {Nothing 

Amherst,  Va.  Nothing  | 

5  Dutch  diamonds,  Glows  very  easily  Lasts  several  hours 
21^  k.  land  brilliantly 


Phosphorescent 


Phosphorescent 

Phosphorescent 

Phosphorescent 

Nothing 

Nothing 

Nothing 
Phosphorescent 

Fluorescent  an( 
phoephoreecei 


Flnorescent 
Flnoreaoent 
PhoBphoieeoent 
Phoephoreecent 
Phosphoreflcene 
prolonged 
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Art.  XIII. — 2'he  Behavior  of  Typical  Hydrous  Bromides 
when  Heated  in  an  Atmosphere  of  Hydroyen  Bromide^ 
by  J.  Lehn  Kreider. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — cxxxvii.] 

In  former  papers  from  this  laboratory*  the  results  obtained 
in  the  dehydration  of  certain  hydrous  chlorides  in  air  and  in 
an  atmosphere  of  hydrogen  chloride  have  been  studied  and 
compared.  In  the  present  paper  the  effects  of  treating  typical 
hydrous  bromides  in  air  and  in  an  atmosphere  of  hydrogen 
bromide  are  described. 

Hydrous  barium  bromide  has  been  taken  as  a  type  of 
hydrous  salts  which  when  heated  in  air  lose  their  water  with- 
out much  further  decomposition;  hydrous  magnesium  bromide 
as  typical  of  salts  wliich  lose  part  of  their  water  without  much 
further  decomposition  and  the  remainder  with  simultaneous 
evolution  of  hydrogen  bromide;  and  hydrous  aluminum  bro- 
mide as  typical  of  salts  which  lose  their  water  only  with  simul- 
taneous loss  of  hydrogen  bromide. 

The  method  of  experimentation  was  very  similar  to  that 
followed  by  Gooch  and  McClenahanf  in  their  experiments 
with  hydrous  chlorides. 

For  these  experiments  two  combustion  tubes  30^™  in  length 
and  2^™  in  diameter,  set  horizontally  side  by  side  in  a  tubulated 
paraffin e  bath,  served  as  heating  chambers.  Each  tube  was 
fitted  with  a  thermometer.  Portions  of  the  hydrous  bromides 
to  be  treated  were  weighed  into  porcelain  boats.  One  of 
these  boats  was  inserted  in  each  tube  about  midway  in  the 
bath  (heated  to  a  regulated  temperature)  and  below  the  bulb 
of  the  thermometer,  so  that  the  temperature  to  which  the 
material  ^'n  the  boat  was  submitted  might  be  indicated  by  the 
thermometer  as  accurately  as  possible.  Through  one  tube 
was  drawn  slowly  a  current  of  air  purified  by  sulphuric  acid, 
and  through  the  other  was  sent  a  slow  current  of  purified 
hydrogen  bromide,  generated  in  a  flask  by  the  action  of  bro- 
mine on  a  heated  solution  of  naphthalene  and  kerosene,  and 
passed  through  a  purifying  apparatus  consisting  of  a  tower 
containing  successive  layers  of  red  phosphorus  and  glass  wool 
and  a  wash  bottle  charged  wnth  a  saturated  solution  of  hydro- 
bromic  acid.  At  the  end  of  a  definite  period,  the  boat  was 
withdrawn,  placed  in  a  desiccator  for  a  suitable  interval  to 
cool,  and  weighed.  The  residue  in  the  boat  was  dissolved  in 
water,  and  the  bromine  was  precipitated  by  silver  nitrate,  the 
silver  bromide  being  weighed  on  asbestos.     In  this  way  it  was 

*Goocb  and  McClenahan,  this  Journal  [4],  xvii,  865.     McClenahan,  this 
Journal  [4],  xviii,  104.  f  Loc.  cit. 

Ax.  Jour.  Sci.— Fourth  Series,  Vol.  XX,  No.  116.— August,  1905. 
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possible  to  determine  the  loss  of  water  and  hydrogen  bromide 
from  separate  portions  of  the  salt  under  examination,  daring 
definite  intervals  and  at  fixed  temperatures,  both  in  an  atmos- 
phere of  hydrogen  bromide  and  in  air,  and  to  find  for  each 
portion  under  examination  what  proportion  of  the  total  loss 
was  hydrogen  bromide  and  what  was  water.  The  tabular 
statements  and  the  diagrams  show  the  course  of  decomposition 
of  the  various  salts  for  the  temperatures  indicated. 

Hydrous  Barium  Bromide. 

For  the  experiments  with  hydrous  barium  bromide,  a  well 
crystallized  specimen  was  prepared  by  taking  commercially 
pure  barium  carbonate,  dissolving  it  in  hydrochloric  acid, 
precipitating  by  ammonium  carbonate,  washing  the  precipitate, 
dissolving  in  hydrobromic  acid,  and  crystallizing  and  drying 
the  crystals  by  pressing  between  filter  papers.  The  analysis 
of  different  portions  oi  this  salt  showed  a  definite  composi- 
tion, corresponding  very  closely  to  theory. 

Found.  Theory. 

Ba 41-69^  41-60^ 

Br 48-05  47-95 

2H.0   10-26  10-45 


100-00^  lOO-OOJ^ 

The  progress  of  the  decomposition  of  this  salt  in  air  and  in 
hydrogen  bromide  when  submitted  for  a  half  hour  to  the  tem- 
peratures indicated  is  shown  in  the  accompanying  table  and 
digram. 

Here  may  be  noted  a  gradual  loss  of  water  from  70°  C.  to 
160°  C,  at  which  point  the  water  is  entirely  expelled,  without 
an  appreciable  loss  of  hydrogen  bromide,  either  in  air  or 
hydrogen  bromide,  and  that  hydrogen  bromide  influences  the 
process  of  dehydration  in  no  marked  way.  There  is  nothing 
to  show  that  any  part  of  the  water  sustains  a  peculiar  relation 
to  the  salt. 

Hydrous  Magnesium  Bromide. 

Similar  experiments  were  performed  with  hydrous  magne- 
sium bromide,  prepared  by  dissolving  magnesium  ribbon  in 
In^drobromic  acid  and  crystallizing  the  salt  over  sulphuric  acid. 
The  analysis  of  the  salt  gave  a  definite  constitution  correspond- 
ing fairly  to  theory. 

Found.  Theory. 

Mg 08-68  08.27 

Br 54-01  54-69 

6H„0 36-71  37-04 


100-00  100-00 
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Dehydration  ofMydrovt  Sarium  Sromide. 
BaBr."  2H,0. 


Weight 
taken. 

LoM  on     1 
hedUag.     1 

BromiDBinresidne. 

"WBier 

Time. 

Tem- 

1  V«ria- 

pho.. 

gnn. 

grm. 

per 

per  1    tion 
K™-     eSnt.  1    from 

1  theory. 

per 
cent. 

hra. 

peiu- 
tnro. 

,  IHBr 

■2371^ 

■0165 

06^4 

•113047-561  —  0-38 

06-55 

70''C. 

'JAir 

■23«4 

■0107 

04-52 

•]14l'4e-24'+0-S9 

04^S! 

'     Air 

■2309 

■0147 

06-36 

■1105  47-821-0-13 

06  ■za 

60°  C. 

■2247 

■0125 

05-56 

-1082  48-l6'  +  0-21 

05-77 

,     HBr 

"1  Air 

■2299 

■0121  05-261 

-1115i48-4i)i  +  0-54 

05-80 

90°C. 

■23  U 

■0127  05-49 

■in6|48-26'+0^3f 

OB -80 

.      HBr 

M  Air 

■2413 

■0121  05-0] 

■ll734a^58  +0-63 

05-64 

I00°C. 

■2416 

■0134  06'54 

■1167  48-33+0-38 

06-92 

,     HBr 
*)Air 

■2399 

■0118  04-91 

■ll67'48-V6.+0-31 

05-22 

IIO^O. 

•2342 

■0128:05-50 

-1162  48-09  +0^14 

05-64 

„  1  HBr 
"  1  Air 

■2296 

■0ll5n5^00 

-1111:48-41+0-46 

05-46 

I20°C. 

■2987 

■0127:06-50 

-|095'47-91'  — 0-04 

05-46 

-  i  HBr 

■2501 

■0157  06-27, 

■1208  48-321+0-37 

0664 

iso'-C. 

'  1  Air 

■2472 

■01 35:05 -46 

■1195|48-37  +0-42 

05-88 

.1  HBr 
")  Air 

■23S0 

-0198  06-68 1 

■1147  48-03|+0-08 

06-66 

UCC. 

■2304 

■0148  06-421 

■1I13;48-3I  +0-36 

06-78 

At 

•2491 

-0258  10-36| 

■U9047-78J  +  0-17 

lO^lO 

150°C. 

■2438 

■0251  10-29 

-1167  47-86 -0-09 

10^20 

'»-ir 

■2460 

■0369  10-93 

-1190  4837:  +  0-43 

11-36 

I60''C. 

■2416 

-0242110-01    -Iiea'48-26l+0^31 

10-32 
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Dehydration  of  Hydrous  Magnesium  Bromide, 

MgBr,-  6HvO. 


Atmos- 
phere. 


Weight 
taken. 


grm. 


HBr 


6 


9 


.0 


1  - 


2- 


•1375 
•1358 
•1313 
•1311 
•1366 
•1379 
•1399 
•1358 
•1285 
•1324 
•1345 
•1382 
•1349 
•1350 
■1337 
•1320 
•1354 
•1373 
•1376 
1360 


Loss  on 
heating. 


Bromine  in 
residue. 


grm. 


c^t.  '  g^"^- 


per 
cent. 


HBr  Water 

lost,  i  lost. 

per  ;    per 

cent.  ,  cent. 


Time. 


hrs. 


•0000 
•0000 
•0000 
•0012 
•00 1 9 
•0023 
•0053 
•0048 
•0070 

0103 
•0115 

0120 
•0114 
•0128 
•0140 
•0183 
•0216 
•0251 
•0140 
•0324 
•0170 
•0159 
•0220 
•0232 
•0217 
•0275 
•0284 
•0312 
•0282 
•0331 
•0297 
•0379 
•0340 
•0606 
•0401 
•0555 


00^00 

OO^OO; 

00^00 

00^86' 

0\'bO\ 

01-95 

04-34 

03-31, 

05-20 

07-44^ 

08-36| 

08^86 

08-56 

0971! 

10-40 

13^37| 

15^71 

18^48! 

10-66 

24-71, 

12-44' 

11-53 

15-72 

17-08 

16-89 

20-77 

21-11 

22-57 

20-90 

24-51 

22-21 

28-71 

25-11 

4413 

29-14 

40-80 


•1310 
-1319 
•0751, 
'•0752 
•0693 
•0813 
•0664 
•07971 
•0736, 
•07521 
-07511 
•0737| 
•0724 
•0714 
•0734| 
•0733! 
•0748. 
-0727J 
-0714I 
•0698J 
•0744i 
•07441 
•076o' 
-0723| 
-0696i 
•0702 
•0731I 
•0730| 
•0731 
•07041 
•0722 
•0686 
•0731 
-0649 
-0740 
•0665 


64-81 

54-98 

54-85 

54-55 

54-96 

54-87 

54-46 

5507 

54-76 

54^33 

54-69 

54^50 

54^41 

54-281 

54-58, 

53-59| 

54^47 

53-58i 

54-46 

53-26 

54-39 

54-00 

54-35 

53-27 

64-75 

53-06 

54-42 

52-87 

54-19 

52-20 

54-01 

52-03 

54-02 

47-43 

53-69 

48-93 


00-12; 

00^29; 

00-16 

00-14; 

00-27 

00-18 

00-23 

00-38 

00-07; 

00-36' 

00-OOj 

00-19 

00-28 

00-4 1! 

00-111 

01-11, 

0O-22: 

01-12' 

00-231 

01-44, 

00-31 

00-69' 

00-341 

01^43| 

00-06 

01-65' 

00-27| 

01^84 

00-50 

02-51 

00-68 

02-69 

00-67 

07-35 

01-01 

05-80 


00-12 

00-29 

00^16 

00-72, 

OP77| 

02-13 

04^1li 

03-69| 

05-27: 

07^80| 

08-36| 

08^67 

08^28 

09-30 

10^29j 

12^26 

15^49! 

17-36 

10-46 

23-27 

12-13 

10-84 

15-38 

15-65 

16^95 

19-12 

20-84 

20-73 

20^40 

22-00 

21-63! 

26-02' 

24-47 

36-78 

28-13 

35-00 


mm 

i 
A- 

mm 

i 


Temper- 
ature. 


70°  C. 

80° 

90° 
100° 
110° 
120° 
130° 
140° 
160° 
160° 
170° 
180° 
190° 
200° 
210° 
220° 
230° 
240° 


From  these  results  it  appears  that  approximately  a  third  of 
the  water  may  be  removed  from  the  hydrous  magnesium  bro- 
mide, submitted  at  once  to  the  temperatures  indicated,  either  in 
air  or  in  an  atmosphere  of  hydrogen  bromide,  without  consid- 
erable simultaneous  loss  of  hydrogen  bromide  from  the  salt, 
tlie  trifling  loss  being  somewhat  less  in  the  atmosphere  of 
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hydrogen  bromide  than  in  air,  Tfiereafter  the  loss  of  liydro- 
gea  bromide  when  the  salt  is  heated  in  air  increases  generally 
with  the  temperatnre  and  is  inhibited,  aa  is  the  loss  of  water, 


f^-,fn>-„iit, 


by  the  atmosphere  of  liydrogen  bromide.  It  appears  that 
sboat  a  third  of  the  water  of  magnesium  bromide  bears  a 
relation  to  the  salt  different  from  that  of  the  remainder. 
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When  sabmitted  at  once,  without  preliminary  heating,  to  a 
temperature  of  170°  in  air  and  160°  in  hydrogen  bromide,  the 
hydrous  salt  melts  and  in  the  melted  condition  loses  water  less 
rapidly  than  the  solid  salt  at  a  somewhat  lower  temperature. 
This  is  what  makes  the  break  in  the  curves  which  indicate  the 
losses  of  water  and  hydrogen  bromide.  When  the  salt  was 
heated  successively,  for  intervals  of  a  half  hour,  at  tempera- 
tures varying  by  ten  degrees,  the  progress  of  dehydration  was 
more  uniform,  as  is  shown  in  the  accompanying  diagram,  all 
the  water  being  lost  at  160°  in  air  and  220°  in  hydrogen  bro- 
mide, the  inhibiting  action  of  hydrogen  bromide  upon  the 
dehydration  being  more  marked  as  the  temperature  rises  from 
the  point  at  which  the  first  third  is  lost. 


H^^ 


f^  #0'  f  **/•#'//•"  /••'/ir/iro /#•"/<# '//«ViiV9l»'Jl#*'xy^9»«*^ 


Hydrous  Alummnm  Bromide, 

The  hydrous  aluminum  bromide  used  was  prepared  by  dis- 
solvinff  pure  aluminum  chloride  in  water,  precipitated  alumi- 
num hydroxide  by  ammonium  hydroxide,  filtering  oflf  the 
aluminum  hydroxide,  and  washing  until  free  from  imparities. 
This  precipitate  was  then  dissolved  in  hydrobromic  acid,  and 
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the  solution  thus  formed  allowed  to  crystallize  by  evaporation 
in  vacnnm  over  sulphuric  acid :  the  crystals  thus  formed  were 
of  nearly  normal  constitution. 

Found.  Theory. 

Al 07-25^  07-20^ 

Br    63.90  63*95 

6H.0 28-85  28-85 


100-00 


100-00 


The  course  of  dehydration  of  hydrous  aluminum  bromide  in 
air  and  in  an  atmosphere  of  hydrogen  bromide  is  shown  in  the 
accompanying  table  and  diagram. 

Dehydration  of  Aluminum  Bromide. 

AlBr,-6H,0. 


Atmos- 
phere. 


Weight 
taken. 


! 

13 
14 
15 


HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 


grm. 


-1308 
•1306 
•1394 
•1381 
•1344 
•1360 
•1317 
•1316 
•1364 
•1378 
•1381 
•1367 
•1297 
•1318 
•1379 
•1357 
•13C6 
•1355 
•1308 
•1348 
•1380 
•1390 
•1378 
•1346 
•1331 
•1307 
•1362 
•1377 
•1356 
•1345 


Loss  on 
heating. 


grm. 


per 
cent. 


Bromine  in 
residue. 


•0000 
•0000 
•0000 
•0000 
•0000 
•0000 
•0008 
•0014 
-0008 
•0024 
-0008 
•0054 
•0006 
•0106 
•0011 
•0127 
•0113 
•0549 
•0121 
•0668 
•0270 
•0919 
-0561 
•0949 
-0850 
-0976 
-0938 
•1090 
•0958 
•1040 


00-00 

00-00 

00  00 

00-00 

00-00 

00-00 

00-60 

01-06 

00-58 

01-74 

00-57 

03-95 

00-46' 

0804 

00-79 

09-35 

08-27 

40-51 

09-25 

49-55 

19-56 

6611 

40-71 

70-50 

63-86 

74-67 

68-87 

79-15 

70-70 

77-32 


grm. 


per 
cent. 


0831 

0842 

0861 

0865 

0878 

0834 

0825 

0767 

0831 

0771 

0730 

0485 

0740 

0413 

0703 

02811 

0477; 

0232 

0280 

0193 

0232 

0197 

0246 

0158 


63-13 
64-05 
63-60 
62-83 
63-62 
61-07 
63-64 
58-24 
6032 
50-85 
53-46 
35-84 
56^57 
30^66 
50^94 
20-72 
3465 
17-28 
21-09 
14-80 
17^08 
14^33 
18-04 
11-76 


HBr     Water  1 
lost.       lost. 


Time. 


per  I  per 
cent.  I  cent. 


00-83 
00-10 
00-35 
01-13 
00-33 
02^91 
00-81 
05-78 
03-67 
07-18 
10-62 
28-46 
07-43 
33^71 
13^17 
43-77 
29-67 
47-26 
43-40 
49-72 
47-46 
50-24 
46-49 
52-85 


00-23 
0116 
00-23 
00-61 
00^24 
(a-04 
00-15 
02-26 
02  89 
02-17 
02-35 
12^05 
01-82 
15-84 
06-39 
22-34 
11-04 
2324 
20-46 
24-95 
21-41 
28-91 
24-21 
24-47 


hrs. 


i 
i 
i 

i 

i 

i 
i 

i 


Temper- 
ature.' 


70°  C. 

80° 

90° 
100° 
110° 
120° 
130° 
140° 
150° 
160° 
170° 
180° 
190° 
200° 
210° 
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From  these  results  it  appears  that,  at  100°  and  higher  tem- 
peratures, hydrous  aluminum  bromide  loses  water  and  hydro- 
gen bromide  simultaneously,  both  in  air  and  in  an  atmosphere 
of  hydrogen  bromide;  but  that  the  loss  of  water,  as  well  as 
of  hydrogen  bromide,  from  the  salt  is  retarded  by  the  atmos- 
phere OT  hydrogen  bromide.  At  the  highest  temperature 
recorded,  210°  C.  the  salt  still  retained  bromine.  There  is 
nothing  to  indicate  that  any  part  of  the  water  possesses  a  dif- 
ferent relation  to  the  salt  from  that  possessed  by  any  other 
part  of  the  water. 

Discussion  of  Results, 

In  correlating  the  phenomena  noted,  Cushman's  hypothesis 
of  inner  and  outer  linkages  of  water  relative  to  the  molecular 
complex,  upon  the  assumption  of  quadrivalent  oxygen,  seems 
applicable. 
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Thus  the  symbol 

Br=0/g 

\Br=0<(g 

for  hydrous  barium  bromide,  showing  two  molecules  of  water 
externally  attached,  suggests  the  observed  easy  removal  of  all 
water  without  simultaneous  loss  of  hydrogen  bromide,  and 
indicates,  as  was  observed,  that  concentration  of  hydrogen 
bromide  in  the  system  is  not  likely  to  affect  the  course  of 
dehydration. 


The  symbol 


H      H 


Mg 


6-6  -Br  =  o/^ 


H      H 


k  L        ^ 

for  hydrous  magnesium  bromide,  in  which  two  molecules  of 
water  are  externally  attached  and  four  internally,  shows  why 
one-third  of  the  water  may  be  removed  at  a  moderate  temper- 
ature, without  nmch  loss  of  hydrogen  bromide;  why  the 
remaining  two-thirds  of  the  water  require  a  higher  tempera- 
ture for  their  removal  with  simultaneous  evolution  of  hydro- 
gen bromide;  and  why  increase  in  the  concentration  of 
hydrogen  bromide  in  the  system  retards  both  the  loss  of  water 
and  hydrogen  bromide,  after  the  first  third  of  the  water  has 
been  expelled. 
The  symbol 


Al  - 
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for  hydrous  aluminum  bromide  suggests  the  observed  impossi- 
bility of  evolving  water  without  simultaneous  loss  of  hydro- 
gen bromide,  the  salt  tending  on  continued  heating  to  go  over 
to  the  oxide.  With  a  salt  showing  this  constitution  the  natural 
effect  of  the  concentration  of  hydrogen  bromide  in  the  system 
would  be  to  retard  the  dehydration  of  the  salt,  as  was  observed. 

So  it  appears  that  the  phenomena  of  dehydration  of  the 
hydrous  bromides  under  discussion  admit  of  explanation  upon 
Cushman's  hypothesis  of  the  molecular  attachment  of  water 
within  and  witnout  the  complex. 

The  author  is  greatly  indebted  to  Prof.  F.  A.  Gooch  for 
advice  and  assistance  throughout  this  work. 


E.  T.  MeUor — Glacial  Conglomerate  of  South  Africa.   107 


Art.  XIV. — T/ie  Glacial  (Dwyka)   Congloinerate  of  South 

Africa  /  by  Edwakd  T.  Mellob. 

[Commnnicated  by  permiflsion  of  the  Director  of  the  (Geological  Survey  of 

the  Transvaal.] 

Introductory. — Few  rocks  have  aroused  so  widespread  and 
so  sustained  an  interest  as  the  Glacial  Conglomerate  occurring 
at  the  base  of  the  Karroo  System  of  South  Africa,  generally 
known  as  the  Dwyka  Conglomerate.  From  the  time  when 
attention  was  first  directed  to  it  by  Bain  in  1856,  down  to  the 
present,  the  Dwyka  Conglomerate  has  continued  to  be  a  source 
of  almost  continual  discussion. 

In  the  first  instance,  this  interest  was  in  a  great  measure  due 
to  the  very  diflferent  views  held  by  various  geologists  as  to  the 
nature  of  the  conglomerate,  and  especially  to  the  opposition 
offered  by  many  to  the  theory  of  its  glacial  origin — a  question 
which  one  may  venture  to  regard  as  finally  settled  by  the 
accumulation  of  evidence  in  recent  years.  This  establishment 
of  the  glacial  character  of  the  deposits  included  under  the 
term  Dwyka  Conglomerate,  which  occur  over  thousands  of 
square  miles  in  South  Africa,  and  which  correspond  closely 
with  similar  formations  of  corresponding  age  in  India,  Aus- 
tralia, and  South  America,  lends  a  newer  and  perhaps  more 
widely  spread  interest  to  the  study  of  this  series,  and  of  the 
conditions  under  which  it  was  formed.  To  the  South  African 
geologist  the  rock  derives  additional  interest  from  the  fact  that 
it  affords  the  only  geological  horizon  common  to  the  various 
colonies  yet  established  with  anv  degree  of  certainty. 

Nomenclature, — The  term  "Glacial  Conglomerate  "  was  used 
by  E.  J.  Dunn  on  his  map  published  in  1873*  for  the  northern 
outcrops  of  the  conglomerate,  while  he  still  retained  for  the 
more  southerly  occurrences  an  old  name,  "  Trap  Conglomerate," 
used  by  Wyley.  In  the  second  edition  of  his  map,j  two  years 
later,  while  retaining  the  terra  Glacial  Conglomerate  for  the 
northern  outcrops,  Dunn  applied  the  term  "  Dwyka  Conglom- 
erate" to  those  of  the  southern  parts  of  Cape  Colony  and 
Natal.  The  term  Dwyka  is  derived  from  a  river  of  that  name 
in  Cape  Colony  in  the  neighborhood  of  which  the  conglom- 
erate is  typically  developed.  The  name  is  now  frequently 
applied  to  the  glacial  conglomerate  at  the  base  of  the  Karroo 
System  generally  throughout  South  Africa.  It  might  perhaps 
be  more  appropriately  restricted  to  the  southern  type,  whicn, 
as  will  be  pointed  out,  differs  in  some  important  respects  from 
the  more  northerly  occurrences,  especially  as  the  intermediate 

♦E.  J.  Dunn,  Geological  Sketch  Map  of  Cape  Colony,  London,  1873. 
f  £.  J.  Dunn,  Geological  Sketch  Map  of  South  Africa,  London,  1875. 
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phases  have  not  yet  been  fully  worked  out.  For  the  northern 
conglomerates  the  original  term  "  Glacial  Conglomerate  "  is  as 
appropriate  as  ever,  and  I  have  preferred  it  in  various  descrip- 
tions of  these  conglomerates  in  the  Transvaal. 

DiMributio7i  of  the  Conglomerates. — The  main  area  occupied 
by  the  Karroo  System  covers  a  large  part  of  South  Africa, 
including  the  major  portions  of  Cape  Colony  and  Natal,  nearly 
the  whole  of  the  Orange  River  Colony  and  most  of  the  south- 
eastern Transvaal.  This  area  would  be  included  roughly 
between  lines  drawn  from  h  point  on  the  south-east  coast  of 
Cape  Colony,  near  to  the  mouth  of  the  Gualana  River,  W.  to 
near  the  head  of  the  Doom  River  beyond  Matjesfontein,  NNE. 
to  the  Lange  Berg  on  the  southern  border  of  Namaqualand, 
NW.  by  Prieska  and  Kimberley  to  Middelburg  and  Belfast  in 
tlie  Transvaal,  SSE.  by  Amsterdam  to  Vryheid,  and  SSW.  to 
the  coast  of  Cape  Colony  at  the  mouth  of  St.  Johns  River. 
This  area  includes  most  of  the  higher  portions  of  South  Africa, 
and  almost  the  whole  of  it  lies  above  a  level  of  3000  feet.  In 
the  Drakensberg  the  uppermost  portions  of  the  Karroo  System 
attain  an  elevation  of  over  8000  feet. 

The  series  of  glacial  deposits  at  the  base  of  the  system  crop 
out  almost  continuously  around  the  margin  of  the  vast  area 
occupied  by  it,  following  approi^imately  tlie  lines  given  above. 
Along  their  southern  margin  the  Karroo  rocks,  particularly  the 
Dwyka  Conglomerate,  have  been  aflfected  by  the  intense  folding 
characteristic  of  the  southern  portions  of  Cape  Colony.  There 
the  lowest  Karroo  Beds  are  frequently  highly  inclined,  and 
their  outcrop  is  correspondingly  reduced  in  width,  but  over 
the  whole  or  the  remainder  of  the  area  occupied  by  them  the 
Karroo  rocks  are  practically  horizontal,  and  the  outcrops  of 
the  various  divisions  occupy  broad  tracts  of  country.  Tnis  is 
especially  the  case  with  the  Glacial  Conglomerate  and  lower 
portions  of  the  system,  which  in  many  places  form  extensive 
outliers  around  the  margin  of  the  main  area  as  above  defined. 

Relationships  and  Age. — In  its  southern  portions  in  Cape 
Colony  the  l5wyka  Conglomerate  grades  downwards  into  a 
series  of  greenish  shales  (Lower  Dwyka  Shales)  some  700  feet 
in  thickness,  which  in  turn  lie  comformably  upon  the  quartzites 
of  the  Witteberg  Series.  These,  together  with  the  Bokkeveld 
Beds  and  the  Table  Mountain  Series,  constitute  the  ''Cape 
System"  of  Cape  Colony. 

Passing  northwards,  the  Dwyka  Series  overlaps  the  lower 
divisions  of  the  Cape  System,  which  thin  out  in  that  direction, 
and  comes  to  lie  unconformably  upon  various  much  older 
systems  of  rocks.  In  all  the  more  northerly  localities  where 
the  conglomerate  has  been  studied,  it  lies  uncomforraably  on 
the  older  South  African  rocks,  the  surfaces  of  which  are  fre- 


J?,  T.  Mellor — Glacial  Conglomerate  of  South  Africa.    109 

2neiitly  glaciated.  In  Cape  Colony  and  Natal  the  Dwyka 
Conglomerate  passes  upwards  into  the  Ecca  Shales,  a  series  of 
shales  and  mudstones  identical  in  character  with  the  shales 
occurring  with  the  Dwyka  Conglomerate,  and  in  composition 
corresponding  with  the  liner  portions  of  the  matrix  of  that 
rock.  The  Ecca  shales  are  succeeded  by  a  v^ery  extensive 
series  of  sandstones  and  shales,  attaining  a  maximum  thickness 
of  some  thousands  of  feet,  and  including  on  at  least  two  dif- 
ferent horizons  seams  of  coal.  These,  togetlier  with  the  Ecca 
Shales  and  Dwyka  Conglomerate,  constitute  the  Karroo  System 
of  South  Africa.  Intrusive  sheets  of  diabase  occur  throughout 
the  Karroo  rocks,  and  the  uppermost  portion  of  the  system 
consists,  for  the  most  part,  of  a  succession  of  lava- flows  usually 
amygdaloidal  and  of  basaltic  composition  interbedded  with 
sandstones  containing  much  fragmental  material  of  volcanic 
origin. 

The  Bokkeveld  Beds  of  Cape  Colony  have  yielded  a  numer- 
ous assemblage  of  fossils  related  to  the  Devonian  fauna  of 
Europe;  the  Witteberg  beds  which  succeed  them  and  underlie 
the  Dwyka  Series  have  so  far  afforded  only  a  few  imperfect 
specimens  showing  general  Carboniferous  aflinities.  With  the 
Ecca  Shales  in  Cape  Colony  and  with  the  beds  associated  with 
the  Coal  Seams  of  the  Transvaal,  which  sometimes,  as '  at 
Vereeniging,  lie  immediately  above  the  Glacial  Conglomerate, 
a  fossil  nora  is  associated  of  Per  mo-Carboniferous  age*  having 
a  number  of  genera  in  common  with  the  lower  part  of  the 
Indian  Gondwana  System,  and  the  Coal  Measures  of  New 
South  Wales. 

Compared  with  the  southern  and  eastern  margins  of  the 
Karroo  area,  the  nortliern  outcrops  of  the  Glacial  Conglomerate 
and  associated  beds  show  a  considerable  diminution  in  thick- 
ness, a  feature  shown  also  by  the  other  divisions  of  the  Karroo 
System.  In  the  southern  outcrops  in  Cape  Colony  the  Dwyka 
Conglomerate  has  a  thickness  of  about  1000  feet ;  on  the  north 
of  the  Colony,  in  the  neighbourhood  of  Prieska,  it  is  stated  not 
to  exceed  500  feet.f  In  Natal  and  the  eastern  Transvaal  the 
thickness  of  the  conglomerate  is  about  300  feet,:j:  while  on  the 
northern  border  of  the  formation,  in  the  central  portions  of  the 
Transvaal,  it  rarely  reaches  100  feet,  and  may  be  locally  absent 
altogether.  As  will  be  seen  from  the  descriptions  given  below, 
this  difference  in  thickness  corresponds  with  differences  in  com- 
position, and  in  general  characters  dependent  upon  variations 
in  the  original  conditions  of  deposition  in  the  different  localities. 

♦A.  C.  Seward,  Notes  on  the  Plant  Remains  from  Vereeniging,  Q.  J.  G.  S., 
vol.  Hv,  pp.  93-93.     London,  1898. 

t  A.  W.  Bogers,  The  Geology  of  Cape  Colony,  London,  1905. 

to.  A.  F.  Molengraaff,  Geology  of  the  Transvaal,  Edinburgh,  1904,  p.  73. 
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Description  of  the  DvyyTca  Uonglomerate  in  the  Southern 
Outcrops, — ^The  earlier  studies  and  descriptions  of  the  Dwyka 
conglomerate  were  confined  to  its  occurrence  in  the  southera 
portions  of  Cape  (yolony  and  in  Natal.  In  the  southern 
examples  especially  the  conglomerate  has  certain  characteristicB 
which  led  to  much  controversy  as  to  its  origin.  Its  appear- 
ance in  the  Dwyka  locality  was  thus  described  by  Mr.  E.  J. 
Dunn  :  *  "  The  conglomerate  consists  of  a  bluish  grey  base  so 
fine  that  its  constituents  are  not  resolvable,  except  under  high 
magnifying  power,  and  then  no  crystals  are  disclosed;  it 
appears  to  be  a  very  fine  indurated  mud  ;  in  this  base  are 
enclosed  bowlders,  pebbles,  angular  fragments,  and  grains  of  a 
great  variety  of  rocks,  sucn  as  granite,  granulite,  gneiss,  mica, 
and  other  schists,  quartz  rock,  hard  sandstone,  jasper,  homfels, 
quartz,  small  pieces  of  felspar,  etc." 

The  incluoed  fragments,  which  range  in  size  from  mere 
grains  to  bowlders  several  feet  in  diameter,  are  distributed  in 
the  matrix  without  definite  arrangement.  The  rock  as  a  whole 
is  very  hard  and  fractures  pass  indifferently  through  matrix 
and  bowlders  alike.  By  weathering  it  frequently  produces  a 
yellowish  clay,  through  which  the  hard  rock  fragments  and 
bowlders  of  the  original  conglomerate  are  scattered.  Besides 
the  conglomerate  beds,  other  shalv  beds  occur  devoid  of 
included  fi*agments.  Individual  beds  persist  over  long  dis- 
tances, maintaining  at  the  same  time  their  distinctive  litho- 
logical  characters.  The  conglomerate  beds  vary  from  a  few 
inches  to  hundreds  of  feet  in  thickness.  In  the  southern  parts 
of  Cape  Colony  the  conglomerate  often  shows  a  schistose 
structure  resulting  from  the  earth  movements  which  have 
affected  that  area — to  the  etfects  of  which  is  probably  also  due 
in  part  the  extreme  hardness  of  the  southern  rock  as  compared 
with  its  northern  representative. 

Various  theories  concerning  the  Origin  of  the  Dwyka  Con- 
glomerate.— The  dark  green  color  of  the  conglomerate,  its  rich- 
ness in  minemls  not  usually  abundant  in  rocks  of  sedimentary 
origin,  including  much  chloritic  material,  its  extreme  hardness, 
its  crystalline  appearance  and  the  frequent  absence  of  bedding 
through  great  thicknesses  of  rock,  disposed  almost  every 
observer,  including  many  geologists  of  wide  experience,  to 
attribute  to  the  conglomerate  an  igneous  origin.  Expressive 
of  these  views  are  the  following  names  applied  to  the  rock  at 
various  times  by  different  workers:  " Claystone-porphyry," 
''  Trap-conglomerate,"  *'  Melaphyre-breccia,"  "  Volcanic-brec- 
cia," "Trap-breccia."  Many  and  various  were  the  theories 
advanced   at   different   times   and   bv   different   observers  to 

*  E.  J.   Dunn,  Report  on  the  Camdeboo  and  Nieuw veldt  Coal,  p.  7,  Cape 
Town,  1879. 
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acconnt  for  the  peculiar  characters  of  the  conglomerate.  A.  G. 
Bain,  "The  Father  of  South  African  Geology,"  who  first 
described  the  Dwyka  Conglomerate  in  1856,  suggested  that  it 
represented  a  flow  from  an  immense  volcano.  Prof.  A.  H. 
Green  thought  it  to  be  a  "  coarse  shingle  formed  along  a  reced- 
ing coast-line,"  while  from  Green's  specimens  Sir  A.  Geikie 
and  Dr.  F.  fl.  Hatch  considered  it  had  the  aspect  of  a  volcanic 
breccia.  The  majority  of  South  African  geologists  favored 
the  igneous  theory,  accounting  for  its  peculiar  characters  and 
occasional  stratification  by  referring  its  origin  to  submarine 
volcanoes. 

A  glacial  origin  was  first  attributed  to  the  conglomerate  in 
1868  in  a  paper  on  the  Geology  of  Natal  by  Dr.  r,  C  Suther- 
land,* who  nad  previously  regarded  the  rock  as  a  lava-flow. 
Sutherland,  who  was  familiar  with  the  conglomerate  in  Natal, 
where  the  rock  has  more  the  features  of  a  terrestrial  glacial 
deposit,  and  rests  in  places  upon  striated  rock  surfaces^  clearly 
stated  the  real  character  oi  the  rock.  The  glacial  view 
received  early  support  from  Stow,f  who,  however,  referred 
the  glaciation  to  a  much  later  period,  and  subsequently  from 
Schenck.l  Dunn,  who  did  so  much  to  work  out  the  main  fea- 
tures of  the  distribution  of  the  Glacial  Conglomerate  as  shown 
in  the  various  editions  of  his  "  Geological  Sketch  Map  of 
South  Africa,"  regarded  the  rock  as  largely  due  to  the  action 
of  floating  ice,  an  agent  which  no  doubt  had  much  to  do 
with  the  southern  deposits. 

It  is  only  quite  recently,  however,  that  owing  to  the  accumu- 
lation of  eviaence§  from  various  localities  in  South  Africa  the 
glacial  origin  of  the  Dwyka  Conglomerate  has  received  anything 
approaching  general  acceptance. 

liecent  Sixties  of  the  Glacial  Conglomerate. — ^In  1898  Dr. 
Molengraaffjl  published  a  description  of  the  Dwyka  Conglom- 
erate, and  overlying  Ecca  beds,  as  developed  in  the  Vryheid 
district  of  the  Transvaal,  to  the  north  of  the  Natal  border  (now 
included  in  the  latter  colony).  In  the  Vryheid  district  the 
Dwyka  Conglomerate  averages  about  300  feet  in  thickness,  and 
lies  unconformably  upon  an  old  land  surface  composed  mainly 
of  the  hard  quartzites  and  shales  of  the  Barberton  formation — 
the  surfaces  of  which  are  frequently  polished  and  striated. 
Both  the  conglomerate  and  succeeding  Ecca  Shales  offer  good 

*  P.  C.  Sutherland,  On  the  Geology  of  Natal,  Pietermaritzburg,  1868. 

+  G.  W.  Stow,  On  some  Points  in  S.  A.  Geology,  Q.  J.  G.  S.,  vol.  xxvli, 
pp.  497-548.     London,  1871. 

^  A.  Schenck,  Die  Geologische  Entwickelung  Siidafrikas,  Pet.  Mitt.,  Band 
xxxiv.     Gotha,  1888. 

g  See  recent  reports  of  the  Geological  Surveys  of  Cape  Colony,  Natal  and 
the  Transraa]. 

I  G.  A.  F.  Molengraaff,  The  Glacial  Origin  of  the  Dwyka  Conglomerate, 
Trans.  Qeol.  See.  S.  A.,  vol.  iv,  1898. 
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opportunities  for  study  in  the  many  sections  exposed  in  the 
deeply  cut  valleys  of  the  eastern  rivers.  In  tliis  district  the 
Dwyka  Conglomerate  includes  both  unstratitied  and  stratified 
portions,  in  each  of  which  facetted  and  striated  bowlders  are 
abundant,  together  witli  many  angular  and  sub-angular  rock 
fragments.  The  stratified  beds  are  sometimes  almost  devoid 
of  bowlders  and  pebbles,  and  include  mudstone  and  shales, 
the  latter  indistinguishable  from  the  overlying  Ecca  Shales  into 
which  the  Dwyka  Conglomerate  gradually  passes. 

In  1S99  Messrs.  Rogers  and  Schwartz*  studied  the  Glacial 
Conglomerate  in  the  Prieska  district  in  the  north  of  Cape  Col- 
ony. They  found  the  Conglomerate  here  to  present  all  the 
features  of  a  true  ground  moraine,  with  abundance  of  facetted 
and  striated  bowlaei*s;  and  lying  uuconformably  upon  all  the 
older  rocks  of  the  district,  fragments  of  which  occur  in  the 
conglomerate  and  which  afford  tine  examples  of  "  roches  nion- 
tonnees"  and  striated  surfaces.  The  direction  of  the  striae  and 
distribution  of  the  bowlders  point  to  a  movement  from  the 
north  southwards. 

In  his  report  for  the  same  year  Dr.  Corstorphinef  summed 
up  the  results  obtained  in  the  north  and  south  of  Cape  Colony 
and  elsewhere,  and  compared  the  features  of  the  northern  and 
southern  deposits,  contrasting  the  northern  Glacial  Conglom- 
erates, possessing  the  characters  of  a  ground  moraine,  with  the 
southern  Dwyka,  which  is  to  be  looked  upon  as  "  a  sediment 
formed  under  a  probably  inland  water,  into  which  there  floated 
the  icebergs  calved  from  the  front  of  the  glacier  or  glaciers  on 
the  northern  shore." 

The  identity  in  character  of  the  Glacial  Conglomerate  with  a 
true  ground  moraine,  seen  in  the  northern  parts  of  Cape  Col- 
ony, comes  out  with  even  greater  clearness  along  the  northern 
edge  of  the  main  area  occupied  by  the  Karroo  System  in  the 
Transvaal. 

21ie  Glacial  Conglomerate  in  the  Tra7isvaal. — In  the  cen- 
tral portions  of  the  Transvaal,  and  particularly  in  a  district 
lying  along  the  eastern  railway  line  from  Pretoria  to  Middel- 
burg,  I  have  recently  mapped  many  ontliers  of  Karroo  rocks 
isolated  by  the  progress  of  denudation  from  the  main  body, 
which  covers  extensive  areas  to  the  south  and  south-east. 
These  outliers  sometimes  include  portions  of  the  sandstones, 
grits,  and  shales  associated  with  coal-seams  which  form  the 
upper  portion  of  the  Karroo  System  as  developed  in  this  part 

♦Rogers  and  Schwartz,  Ann.  Rep,  of  the  Geol.  Commission,  1899.  Cape 
Town,  1900.  On  the  Orange  River  Ground  Moraine.  Trans.  Phil.  Soc.  S.  A., 
vol.  xi,  part  2,  1900. 

fG.  S.  Corstorphine,  Ann.  Rep.  of  the  Geol.  Commission,  1899.  Cape 
Town,  1900.  (Full  references  to  the  previous  literature  wiU  be  fonnd.i]i  this 
paper.) 
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of  the  TrauBvaal.  They  are,  however,  frequenth-  reduced  to 
patches  consisting  almost  entirely  of  the  Glacial  Conglomerate 
and  associated  beds.  The  copious  sandy  drift  shed  by  these 
outliers  frequeiifly  renders  their  examination  difficult,  hut  in 
some  cases  tney  offer  more  than  usually  good  opportunities  for 
the  study  of  the  Glacial  Conglomerate  and  its  relationships  to 
the  uoderlyiiig  rocks.  In  the  district  here  more  especially 
referred  to,  the  glacial  deposits  consist  for  the  most  part  of  a 
conglomerate  showing  all  tlie  characters  to  he  expected  in  one 
formed  beneath  an  extensive  iee-slieet.     This  conglomerate  is 


very  irregular  in  distribution,  and  varies  greatly  in  thickness 
witiiin  short  distances,  partly  in  consequence  of  its  original 
deposition  on  .in  irregular  land  surface,  and  partly  as  a  result 
of  subsequent  denudation.  Its  average  thickness  is  about  fifty 
feet.  In  depth  the  rock  is  sometimes  greenish  in  color,  bat 
at  the  surface  it  is  usually  light  yellow,  and  crops  out  in  char- 
acteristic humpy  masses  (see  fig.  1).  The  matrix  is  a  sandy- 
looking  material  consisting  of  sharply  angular  fragments  of 
quartz  and  of  various  rocks — quartzites,  hard  shales,  felsites, 
granopbyres —common  in  the  district.  These  angular  frag- 
ments vary  in  size  from  the  smallest  particles  to  pieces  several 
inches  in  diameter.  Irregularly  distributed  through  the 
matrix,  and  with  a  conspicuous  absence  of  any  sort  of  arrange- 
ment as  to  size  or  orientation,  occur  abundant  pebbles  and 
Ail  Jocb.  Sci.— Fourth  Series,  Vol.  ZX,  ITo.  IIS.— Adodbt,  1905. 
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bowlders  of  very  miscellaneous  composition,  and  ranging  in 
size  up  to  a  diameter  of  eight  or  ten  feet.  These  pebbles  and 
bowlders  are  frequently  facetted,  and  those  of  very  hard  mate- 
rials are  always  highly  polished,  while  bowlders  of  somewhat 
softer  nature,  especially  if  fine  in  grain,  such  as  hard  shales 
and  weathered  felsitic  rocks,  frequently  show  striations.  A 
network  of  cracks  in  some  cases  divides  the  pebbles  into  a  num- 
ber of  fragments  which  have  been  again  cemented  into  a 
whole.  In  any  particular  locality  there  is  always  a  prepon- 
derance of  bowlders  derived  from  rocks  which  locally  underlie 
the  Glacial  Conglomerate,  associated  with  others  easily  recog- 
nizal)le  as  derived  from  more  distant  sources,  which  are  always 
to  the  north  of  the  present  position  of  the  bowlders.  Thus 
along  the  eastern  railway  line,  to  the  south  of  an  area  mainly 
occupied  by  the  Waterberg  Formation  and  the  Red  Granite, 
the  Glacial  Conglomerate  contains  an  abundance  of  bowldei-s 
derived  from  these  rocks.  South  of  the  outcrop  of  the  hard 
white  Magaliesberg  quartzites,  fragments  of  the  white  quartz- 
ites  are  very  abundant.  Those  lying  nearest  to  the  ridge  from 
which  they  were  derived  are  angular  and  frequently  of  huge 
dimensions,  so  that  when  weathered  out  and  lying  on  the  sur- 
face they  are  conspicuous  objects  at  a  distance  of  two  or  three 
miles.  On  the  eastern  Witwatersrand  the  conglomerate  con- 
tains many  bowlders  derived  from  the  Rand  Series  together 
with  others  formed  of  the  hard  cherts  of  the  Dolomite  to  the 
north.  Except  quite  locally,  the  lower  and  more  massive  por- 
tions of  the  conglomerate  rarely  sliow  any  traces  of  bedding, 
but  are  occasionally  traversed  by  irregular  partings  dividing 
the  rock  into  rude  sheets  with  nndulating  billowy  surfaces. 
Towards  the  upper  portions  of  the  conglomerate,  lenticular 
beds  of  iine-grained  massive  sandstone  frequently  occur, 
together  with  patches  of  white  and  cream-colored  shales  and 
mudstones.  The  shales  appear  to  have  been  formed  in  local 
pockets  below  the  ice.  They  consist  of  the  finest  glacial  mud. 
The  examination  of  a  district  of  some  hundreds  of  square 
miles  in  extent  leads  to  the  conclusion  that  at  the  termination 
of  the  period  during  which  glacial  conditions  obtained,  the 
country  was  left  covered  with  an  almost  complete  mantle  of 
glacial  deposits,  quite  similar  in  character  and  distribution  to 
those  remaining  in  other  parts  of  the  world  from  extensive 
glaciation  of  more  recent  date.  After  the  cessation  of  glacial 
conditions  the  conglomerates  and  associated  deposits  appear  to 
have  suffered  a  certain  amount  of  sub-aerial  erosion  and  denu- 
dation, during  which  materials  derived  from  the  glacial 
deposits  underwent  le-arrangement  and  re-deposition,  giving 
rise  in  some  cases  to  beds  of  conglomerate  very  similar  in  com- 
position and  general  appearance  to  those  of  glacial  origin,  with 
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which  they  are  liable  to  be  confused,  but  differing  in  the  more 
orderly  arraneemeiit  of  their  materials,  iiichidiiig  a  definite 
orientation  of  the  pebbles  and  bowlders.  These  secondary 
conglomerates  occasionally  occnr  at  the  base  of  the  purely 
sedimentary  series  which  succeed  the  true  glacial  deposits,  and 
by  which  as  a  result  of  a  period  of  long  continned  subsidence 
the  latter  were  ultimately  entirely  covered.  This  sedimentary 
series  included  the  succession  of  beds  constituting  in  the  Trans- 
vaal area  the  upper  portion  of  the  Karroo  System.  Later 
formations  were  also  possibly  represented  but  of  these  no  ves- 


tige has  hitherto  been  discovered  in  the  Transvaal,  Raised 
subseouentiy  to  an  average  elevation  of  5000  feet  above  the 
sea,  the  Karroo  System  baa  been  again  subjected  to  denuding 
forces  and  the  removal  of  the  overlying  sandstones,  shales,^and 
grits  of  the  Coal  Measures  lias  laid  bare  extensive  areas  of  ,the 
underlying  Glacial  Conglomerate. 

Although  modified  by  the  double  process  of  denudationlto 
which  it  has  been  subjected,  it  still  presents  in  its  distribution  a 
striking  similarity  to  that  of  more  recently  formed  glacial 
deposits.  Following  the  contours  of  the  land  surfaces  upon 
which  it  was  originally  laid  down,  it  ranges  within  distances  of 
a  few  miles  through  variations  in  elevation  of  three  to  five 
hundred  feet.  It  is  frequently  well  developed  on  one  slope  of 
a  hilt  and  entirely  absent  from  the  other.     When  protected 
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from  erosion  it  fills  preexisting  valleys,  and  is  usually  espe- 
cially abundant  below  ancient  escarpments  of  the  older  rocks, 
and  in  such  places  bowlders  often  of  very  large  size,  attaining 
in  some  cases  eight  or  ten  feet  in  diameter,  are  excej)tionally 
numerous.  After  the  complete  weathering  away  of  the  matrix 
the  bowlders  remain  abundantly  scattered  over  areas  previ- 
ously occupied  by  the  conglomerate.     (See  fig.  2.) 

Glaciated  Surfaces  heUno  the  Conglomerate — Direction  of 
Ice-Movement. — The  progressive  removal  by  denudation  of 
the  Glacial  Conglomerate  around  the  margins  of  the  areas  now 
occupied  by  the  Karroo  System  and  its  outliers  contniually  lays 
bare  fresh  portions  of  the  underlying  old  land  surface.  Where 
these  include  outcrops  of  hard  and  moderately  fine-grained  rocks, 
the  latter  frequently  present  excellent  examples  of  glacially 
striated  surfaces,"*^  some  of  which  are  represented  in  the  photo- 
graphs reproduced  in  figures  8,  4,  5.  Striated  surfaces  of 
this  kind  were  long  ago  described  by  Sutherland  in  Natal,  by 
Griesbach  in  the  same  colony,  by  Dunn  and  Schenck  in  the 
neighbourhood  of  the  Vaal  River,  and  more  recently  by  Molen- 
graaff  in  the  South-Eastern  Transvaal,  and  by  Rogers  and 
Schwartz  in  the  Prieska  district  in  the  north  of  Ca[>e  Colony. 
While  working  on  an  area  lying  about  25  miles  east  of  Pretoria 
in  1903,  I  found  the  surface  siiown  in  figure  3,  and  later  those 
in  figures  4  and  5.  These  latter  occur  on  the  edge  of  an  out- 
lier of  Karroo  rocks  some  25  miles  further  east,  which  includes 
the  coal  seam  worked  at  the  Douglas  colliery.  1  have  since 
met  with  many  similar  surfaces  distributed  over  an  area  of 
some  300  square  miles.  The  striation  in  njost  cases  is  exceed- 
ingly clear,  and  the  direction  of  ice-movement  easily  deter- 
mined and  remarkably  consistent.  In  all  the  examples  found 
it  only  varies  within  a  few  degrees  from  magnetic  north  and 
south,  the  direction  of  movement  being  in  a  southerly  direction, 
which  is  also  true  in  general  for  the  other  districts  in  South 
Africa  where  striated  surfaces  have  been  found.  This  con- 
sistency of  direction  over  so  considerable  an  area  and  in  the 
case  of  surfaces  lying  25  miles  apart,  points  to  the  existence  of 
an  ice-sheet  of  considerable  magnitucie,  rather  than  to  that  of 
a  number  of  more  or  less  isolated  glaciers,  a  conclusion  which 
is  supported  by  the  nature  of  the  land  surface  laid  bare  by 
the  disappearance  of  the  Karroo  deposits. 

Where  the  Waterberg  Sandstone  Formation,  which  occupies 
much  of  the  district  here  referred  to,  has  been  long  exposed  to 
ordinary  denudation,  the  rivers  cut  deep  valleys  and  gorges  in 
the  sandstone,  giving  rise  to  very  varied  and  occasionally  rug- 

*  E.  T.  MeUor,  On  Some  Glaciated  Land  Surfaces  occurring  in  the  Dis- 
trict between  Pretoria  and  Balmoral.  Trans.  Geol.  Soc.  S.  A.,  vol.  vii,  part  1, 
1904. 
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ged  scenery.  Where,  lioivever,  the  overlyinit  (ilat-ial  Conglom- 
erate is  only  uow  in  pj-ocess  of  removal,  the  country  retains  the 
rounded  ontliiies  cliaracteristic  of  a  glaciated  landscape. 

Xorthern  eJ^teiishit  oftht  Glacial  Confjlomtrute. 
1    have    recently  met   with   good   examples  of  the  Glacial 
Conglomerate  much  further  to   the  north  than  any  hitherto 
described.*  (Figures  1  and  2.)  These  arc  situated  near  the  juui-- 


tion  of  the  Elands  and  Olifants  Rivers,  about  9(1  miles  north  of 
the  latitude  of  Johannesburg,  and  are  interesting  for  the  addi- 
tional light  they  throw  upon  the  northward  extent  of  the  coun- 
try subjected  to  glacial  action  in  early  Karroo  times. 

EXPLANATION  OF  FIGURES. 

FiouRB  ]. — Glncial  conglomerate  near  the  junction  of  the  Elands  and 
Olifanta  RiTem,  Tranavaal  |T5  miles  NE.  of  Pretoria). 

Figure  1. — Weathered -oat  Olacinl  conglomerate,  same  locality.  The 
flgnre  stands  upon  grits  of  the  upper  Karroo  formation, 

FiovRB  S.— Glaciated  sarface.     Elands  River  Valle;  (25  miles  E.  of  Pre- 

FiauREs  4  and  0.— Glaciated  snrfaceB  north  of  Balmoral  (50  miles  E.  of 
Pretoria). 

The  striated  rocks  are  red  qaartzitie  BaiidatoneB  of  the  Waterberg  Series. 

Oeolt^cal  Survey,  Pretoria,  Transvaal. 

*E.  T.  Mellor,  Outliers  of  the  Karroo  System  near  the  Jnnctlon  of  the 
Elands  and  Olifants  Rivera  in  the  Transvaal,  Trans.  Geol.  Soc.  8.  A.,  vol. 
vii.partS,  1004. 
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Art.  XV. —  The^  Formation    of    Natural    Bridges ;    by 

Her  DM  AN  F.  Cleland. 

Until  recently  the  text-books  of  Geoloc^y  and  Physical 
(Teography  have  given  the  idea,  whether  intentionally  or  not, 
that  natural  bridges  are  universally  formed  bv  the  partial  caving 
in  of  a  long  cavern,  the  bridge  being  that  portion  of  the  roof 
strong  enough  to  span  the  cavity.*  The  belief  seems  to  be 
prevalent  that  these  cavities  extended  for  long  distances,  a 
condition  comparable  to  that  which  would  exist  if  the  greater 
part  of  the  roof  of  Mammoth  Cave  should  fall  in,  leaving  a 
small  portion  as  a  bridge.  This  theory  is  simple  and  logical 
and  is  one  which  immediately  appeals  to  the  reader,  but,  as  will 
be  seen  from  the  examples  cited  in  this  paper,  not  only  is  it 
not  of  universal  application  but  it  must  be  exceptional  rather 
than  otherwise.  The  writer  was  led  to  this  study  by  an 
examination  of  the  natural  bridge  near  North  Adams,  Mass. 
which  has  long  been  considered  to  be  a  typical  example  and 
proof  of  the  formation  from  caverns. 

The  North  Adams  Natural  Bridge  spans  Hudson  Brook  and 
has  been  an  object  of  more  than  local  interest  for  many  years 
both  because  of  its  natural  beautv  and  because  of  the  raritv  of 
these  objects.  Hudson  Brook  is  a  small  stream  emptying  into 
Beaver  Creek,  a  tributary  of  the  IJoosick  River.  From  the 
dam  (shown  in  the  sketch  lig.  1)  to  the  pre-glacial  valley  the 
brook  flows  through  a  gorge  30  to  60  feet  deep  and  from  5  to 
40  feet  wide,  the  average  width  above  the  bridge  being  from 
1  to  10  feet  and  below  from  10  to  30  feet.  This  gorge  is  cut 
in  a  coareely  crystalline  marble  which,  because  of  its  color  and 
texture,  presents  a  striking  appearance.  The  rock  is  Cambro- 
Silurian  and  belongs  to  the  Stockbridge  formation. 

The  top  of  the  natural  bridge  is  44  feet  above  the  w^ater  of 
the  stream  and  the  bridge  itself  is  about  8  feet  thick.  The 
span  of  the  bridge  is  less  than  10  feet  long  and  the  width  at 
present  25  feet,  but  at  one  time  it  probably  extended  a  short 
distance  farther  south  where  it  is  now  fallen  in.  It  is 
extremely  difficult  to  take  a  good  photograph  of  the  bridge 
because,  as,  will  be  seen  from  the  sketch,  the  stream  turns 
sharply  both  above  and  below.  Because  of  this  condition  it 
was  found  necessary  to  make  a  drawing,  in  order  to  give  a  cor- 
rect idea  of  its  appearance. 

Prof.  E.  Hitchcock  described  the  North  Adams  Natural 
Bridge  and  published  a  rough  drawing  of  it  in  1841.f  Con- 
cerning this  drawing  he  says,  ''I  thought  it  better  that  a  sketch 

*  Chamberlain  and  Salisbury,  Geol.,  vol.  i,  pp.  145-147. 

t  Geology  of  Mass.,  by  Edward  Hitchcock,  vol.  i,  1841,  pp.  287-288. 
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should  be  taken  by  one  not  at  all  accustomed  to  dmwing,  than 
that  no  memento  be  left  of  this  interesting  place,"  (there  was 
danger  at  that  time  tiiat  the  bridge  might  be  destroyed  by  the 
quarry-men.)  Ilovey*  in  his  "  Celebrated  American  Caverns" 
describes  tiiis  bridge  but  gives  tlie  locality  as  Adams,  Mass. 

The  explanation  of  the  for- 
mation 01  the  Xorth  Adams 
Natural  Bridge,  as  given  by 
Hitchcock  and  accepted  by 
Hovev,  is  that  it  is  the  section 
of  tlie  roof  of  a  cavern,  the 
ends  of  which  have  fallen  in. 
In  illustration  of  this  point, 
Hovey  states  that,  "tlie  com- 
bination of  cave,  chasm  and 
natural  bridge,  on  Hudson 
Brook,  Mass.  is  even  a  better 
example  (than  that  of  the 
Natural  Bridge  in  Virginia) 
of  the  same  thing,"  i.  e., 
"that  what  are  now  open 
canons  were  once  caves,  the 
arch  being  merely  a  remnant 
of  an  ancient  cave  roof." 

On  examining  the  course  of 
the  stream  and  the  rock  in  the 
vicinity  of  the  North  Adams 
Natural  Bridge  one  is  struck 
with  the  width  of  the  joints, 
and  the  fact  that  the  stream 


^'     r" 


JW 


FiQ.   l.-Sketch   map  of  Hudson  has,  for  a  portion  of  its  course. 

Brook,  Mass.,  showing  the  position  of  followed  the  joint  planes.      In 

the  natural  bridge  the  joint  planes  tjie  Upper  part  of  the  accom- 
A- A,  and  the  pre-glacial  valley.  .*  ^       i     x  i      iix        -i\    xi 

'  ^    ^  ^  panying    sketch    (ng.    1)   the 

relation  of  the  stream  to  the  joint  planes  is  indicated  by  the 
dotted  lines  A-A.  The  channel  through  which  the  stream 
flowed  previous  to  the  formation  of  the  bridge  is  also  well 
marked  a  few  feet  to  the  west  at  B.  A  pot-hole  situated  near 
the  edge  of  the  gorge  at  B  is  further  evidence  of  the  former 
position  of  the  brook. 

The  bridge  was  probably  formed  as  follows:  When  the 
stream  flowed  into  the  gorge  through  the  ancient  channel,  it 
plunged  over  a  fall  into  the  pre-glacial  valley.  Some  of  the 
water  in  the  joint  plane  nearest  the  present  bridge  seeped 
through  an  approximately  horizontal  crack  a  short  distance 
under  the  present  arch  of  the  bridge.     The  solvent  power  of 

•  **  Celebrated  American  Caverns,"  H.  C.  Hovey,  pp.  14  and  20ft. 
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tlie  water  containing  carbon  dioxide  (CO,)  gradually  increased 
the  size  of  the  crack  until  it  was  still  further  enlarged  by  tlie 
eroeion  of  the  elream.  The  stream  was  finally  entirely  diverted 
from  its  former  channel  at  B  to  its  present  course.  The  gorge 
from  the  dam  to  the  pre^lacial  valley  is  a  succession  of  broken 
pot-holes  varying  in  size  up  to  6  or  8  feet  in  diameter,  sliowing 


Fio.  2.— The  North  Adams  Natural  Bridfie  hi 
meriy  the  bridge  probably  extended  nearly  lo  ti 

that  after  the  tunnel  was  made  the  gorge  was  largely  excavated 
in  this  way.  The  pre-glacial  valley  in  which  the  Hudson 
Brook  flows  below  the  gorge  is  broad  but  to  some  extent 
choked  with  glacial  drift. 

The  origin  of  the  famous  Natural  Bridge  of  Lexington,  Va.,* 

as   explained    by  Walcott,  was  similar  to  that   of  the  Katnral 

Bridge  of  North  Adams,  Mass.,  but  is  on  a  larger  scale.    Before 

'Natioiial  Oec^raphic  Magazine  1898,  vol.  v,  p.  SB. 
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the  formation  of  the  bridge  the  stream,  whicli  now  flows 
under,  then  flowed  upon  the  surface  of  what  is  now  the  arch 
and  probably  plunged  over  a  fall  a  short  distance  below  the 
present  site  of  the  bridge.  While  tlie  stream  was  flowing  over 
this  fall  a  portion  of  the  water  was  percolating  through  a 
joint  plane  or  other  crack  up  stream  and  discharging  into  the 
stream  under  tlie  fall,  enlarging  its  passage  by  its  solvent 
power.  In  the  course  of  time  this  passage  l)ecame  suflScientlv 
large  to  contain  all  of  the  water  of  the  stream,  and  the  bridge 
resulted.  It  is  not  possible  to  say  what  the  length  of  this 
underground  passage  was.  It  must  have  been  somewhat 
longer  than  at  present,  but  "  wliether  one  hundred  feet  or  sev- 
eral hundred  feet"  it  is  not  possible  to  determine. 

The  description  of  some  wonderful  uatural  bridges  in  Utah,* 
in  a  recent  paper,  suggests  an  explanation  similar  to  that 
given  above,  except  that,  in  the  case  of  these  bridges,  the  rock 
is  said  to  be  a  sandstone  (pink  or  gray)  instead  of  a  limestone. 
The  most  probable  explanation  is  that,  at  one  time,  the  river 
flowed  over  a  fall  a  short  distance  below  the  lowest  bridge 
and  that,  as  the  stream  was  cutting  back,  a  portion  of  the 
water  was  pouring  through  a  Assure  up  the  stream  and  reap- 
l)earing  at  tlie  brink  of  tlie  fall,  dissolving  out  the  cement  of 
the  sandstone  along  its  course.  This  underground  passage  was 
gradually  enlarged  by  the  washing  out  of  the  unconsolidated 
sand,  resulting  in  a  tunnel  of  sufl[icient  size  to  hold  the  entire 
volume  of  the  stream.  After  this  event  the  valley  was  eroded 
to  nearly  its  level.  This  process  was  repeated  three  times  with 
the  formation  of  three  bridges.  When  it  is  remembered  that 
one  of  these  bridges  spans  a  canyon  335'  wide,  that  the  lower  side 
of  the  arch  is  357'  above  the  stream  and  that  the  material  of 
which  they  are  constructed  is  sandstone,  it  wull  be  seen  that 
any  explanation  requiring  a  tunnel  of  great  size  extending  for 
a  long  distance  is  untenable.  It  is,  hovvever,  unsafe  to  do 
more  than  speculate  upon  the  formation  of  these  bridges,  since 
so  little  is  known  of  the  rock  of  which  they  are  composed. 

In  the  Yellowstone  National  Park  occui*s  a  small  natural 
bridge  of  rhyoHte.  The  bridge  consists  of  two  vertical  slabs  of 
lithoidal  rhyolite,  parts  of  the  contorted  layers  of  lava  flow, 
which  stand  nearly  vertical  in  this  place. f  They  are  slightly 
curved  and  are  separated  by  open  crevices  with  roughened 
scoriaceous  walls.  Of  the  two  slabs  forming  the  ledge  the 
eastern  is  two  feet  thick  at  its  ends  and  thinner  in  the  middle. 
There  is  a  space  of  two  feet  between  it  and  the  western  slab, 
which  is  four  feet  thick.  "  The  span  of  the  arch  is  about  30 
feet  and  it  rises  about  10  feet,  the  top  of  the  bridge  being  some 

*  W.  W.  Dyar,  Cent.  Mag.,  vol.  Ixviii.  1904,  pp.  505-611. 

t  Geol.  of  Yellowstone  Nat.  Park,  U.  S.  G.  S.  Mon. ,  vol.  82,  pt.  II,  pp.  386-7. 
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40  feet  ahove  the  stream."     Tlie  explanation  of  the  formation 
of  tilt!  bridtfe  is  as  follows :  The  sti-eaiii  which  flows  underneath 
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the  bridge  has  been  able  to  excavate,  owing  to  a  former  water- 
fall and  the  peculiar  platy  structure  of  the  rhyoHte,  in  which 
curved  layers  of  extremely  different  physical  texture  and  fria- 
bility offered  a  favorable  site  for  attack  by  frost  and  water. 

The  formation  of  lava  bridges  is  usually  explained  as  follows: 
The  surface  of  a  lava  flow  cools  and  hardens  while  the  interior 
is  still  in  a  molten  condition.  As  a  result  of  this  condition,  if 
the  molten  rock  beneath  continues  to  flow,  a  tunnel  will  result. 
Such  tunnels  are  of  common  occurrence  on  Mt.  Vesuvius,  the 
volcanoes  of  the  western  states  and  in  other  volcanic  regions. 
From  such  a  tunnel  a  bridge  might  be  formed  by  the  caving  in 
of  the  greater  part  of  the  roof.  A  study  of  the  photograph 
(flg.  3)  showing  the  structure  of  the  lava  of  which  the  Yellow- 
stone Natural  Bridge  is  formed  shows  that  such  an  explanation 
is  untenable  in  this  case  at  least,  the  rock  being  composed  of 
approximately  vertical  plates  uf  lava  of  different  degrees  of 
compactness.  The  w^riter  has  not  made  a  study  of  other  lava 
bridges,  but  it  seems  probable  that  the  mode  of  formation  of 
the  Yellowstone  bridge  may  be  exceptional  for  bridges  of  this 
character. 

In  each  of  the  cases  cited  the  top  of  the  bridge  was  formerly 
a  portion  of  the  bed  of  the  stream.  If  natural  bridges  were 
formed  as  commonly  supposed,  it  would  be  unusual  to  find  that 
a  surface  stream  had  once  been  superimposed  upon  the  cavern 
for  its  entire  length.  There  is,  for  example,  seldom  any  rela- 
tion between  the  surface  topography  of  a  country  and  the 
underground  passages  of  extensive  caves. 

Occasionally  a  small  natural  bridge  occurs  near  the  opening 
of  a  cavern  or  where  a  spring  flows  from  beneath  a  cliff.  Such 
a  bridge  is  the  sandstone  arch  spanning  a  spring  which  emerges 
from  beneath  the  sandstone  capping  of  Lookout  Mountain  near 
Chattanooga,  Tenn.  The  bridge  is  formed  by  the  widening  of 
a  transverse  joint,  first  by  weathering  alone  and  later  by  the 
combined  action  of  weathering  and  erosion,  thus  separating  the 
bridge  from  the  cliff.  The  breadth  of  the  span  was  increased 
largely  by  weathering. 

The  conclusion  to  which  one  is  led  by  this  study  of  natural 
bridges  from  different  parts  of  the  United  States  and  composed 
of  various  kinds  of  rocks — marble,  limestone,  sandstone,  and 
lava — is  that,  although  bridges  may  be  formed,  and  undoubtedly 
have  occasionally  been  formed,  by  the  partial  falling  in  of  the 
roof  of  a  long  underground  tunnel,  the  usual  mode  of  forma- 
tion is  that  described  abov^e.  It  should,  however,  be  said  that 
examples  exist  concerning  which  it  is  difficult  to  say  which 
mode  of  formation  was  the  more  prominent. 

WiUiams  College. 
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Art.  XVI. —  Quartz  fro^n  San  Diego  County^  California^* 
by  G.  A.  Wakixo,  Stanford  University,  (California. 

In  quartz  crystals  occurring  in  the  pockets  of  the  gem-bear- 
ing pegmatite  veins  of  the  Pala  and  Rincon  districts,  San 
Diego  County,  California,  several  peculiarities  of  crystallization 
Lave  been  observed,  which  it  is  believed  have  not  before  been 
described.  These  crystals  occur  attached  to  the  sides  of  the 
cavities,  associated  usually  with  albite  and  orthoclase.  The 
most  remarkable  feature  about  them  is  the  common  develop- 
ment of  tetartohedral  faces. 

On  two  crystals,  figs.  3  and  7,  the  facial  angles  were  measured 
by  means  of  a  Fuess  reflecting  goniometer,  and  the  following 
rare  faces  determined,  according  to  Bravais-Miller  system  of 
notation. 

On  tlie  small  crystal,  fig.  7 : — 

Measured.  Given  by  Dana. 

WysT  (4041)  11°      12'     •  11°        8' 


m/v«  (5101) 

11°     50' 

12°        1' 

On  the  crystal,  fig.  3  : — 

MeaRured. 

Given  by  Dana. 

m^sx  (5l6l) 

( 

11°      27' 

f  14°        8' 

12°        V 

m/Ny(415l) 

1 

14°     54' 
[  14°      10' 

14°     35' 

my^8  (1121) 

37°      39' 

37°     58' 

The  r  (40Jl)  and  M  (303l)  faces  also  are  present  on  this 
crystal,  determined  by  measurement  with  the  contact  goni- 
ometer, and  the  ?/-face  (3l5l)  is  also  developed  ;  it  is  distinctly 
visible  with  the  pocket-lens,  but  too  small  to  be  measured  with 
certainty.  It  has  the  terminal  pyramids  partly  developed  at 
the  other  end  also,  and  imperfectly  showing  the  rare  faces.  It 
is  intergrowTi  with  a  left-handed  crystal  which  on  the  face 
preserved  exhibits  the  faces  8  (2lll),  x  (6l51)  and  T  (4041). 

Twinning  is  common  and,  so  far  as  observed,  is  always 
according  to  the  Dauphine  law.  The  upper  part  of  the  crys- 
tal shown  in  fig.  3  is  such  a  twin,  of  two  right-handed  indi- 
viduals very  perfectly  joined,  the  twinning  plane  but  faintly 
shown  by  cloudy  patches  within  the  crystal. 

Fig.  1  is  a  twin  of  two  left-handed  individuals,  the  plane  of 
twinning  being  well  marked  on  the  surface  by  a  discontinuity 
in  the  prismatic  striations,  and  by  a  plane  of  dark  patches 

*  Sincere  appreciation  i8  expressed  to  Dr.  M.  Murgoci  of  Vienna  for 
assistance  in  the  measurement  of  the  inter-facial  angles,  and  to  Dr.  J.  P. 
Smith  of  Stanford  University -for  advice  and  aid  in  the  preparation  of  this 
article. 
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witliin.  This  twinning  is  also  mai'kodl.y  sliowii  at  tlie  junction 
of  the  prism  ami  pyramid  faces,  by  tlie  development  on  one 
individual  of  tbe  c  (5(151)  face  and  on  tlie  other  of  the  T  {M>i\) 
face.  This  twin  has  developed  on  one  nieinber_  between  the 
m  and  z  faces  the  x  {t!l51),  F  (4(41)  and  e  (5U51)  face8,  and 
between  m  and  /■  on  the  adjiicent  edge  to  the  right,  the  x  ((ilol) 


and  •'  (5051)  faces;  while  the  other  member  has  developed  only 
the  r(40il)  face. 

In  %8.  3a,  3b  and  la,  lb  are  given  orthographic  and  elino- 
graphic  projections  of  the  two  crystals  numbered  3  and  1 
respectively  m  the  group  of  crystals  above,  allowing  the  relative 
size  and  positions  of  the  rare  face^i. 

Figs,  2  and  4  also  am  distinctly  marked  twins;  the  one 
shown  by  a  joint  or  break  along  the  prism  face,  the  other  by 
a  distinct  difference  In  opacity  of  tlie  two  members. 
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Deformation,  or  abnormal  growth,  is  also  met  with.  Fig.  6 
is  an  example  of  parallel  growth,  while  ligs.  8,  9  and  10  are 
distorted  forms.  In  tig.  10  the  crystal  is  placed  with  its  major 
axis  perpendicular  to  the  paper,  so  that  one  is  looking  down 
on  the  apex  of  the  pyramid. 

Corrosion  or  etching  of  the  pyramidal  faces,  w^liile  those  of 
the  prism  are  unaffected,  is  illustrated  in  tigs.  11  and  12. 


8a. 


la. 


3b. 


lb. 


Orthographic  and  clinographic  projections  of  auartz  crystals 
from  Rincon,  California,  from  figs.  3  and  i,  p.  126. 

One  other  extremely  interesting  point  is  that  of  the  evidence 
of  secondary  crystallization,  as  showMi  by  the  filling  up  of  the 
.^*,  y,  and  e-M  faces  to  a  level,  or  nearly  so,  with  the  prism  face. 
This  is  well  exhibited  in  figs.  5  and  10. 

While  the  %  face  occurs  mther  commonly  elsewhere,  the  x 
and  y  faces  are  of  much  rarer  occurrence.  It  is  therefore 
worthy  of  note  that  upon  the  crystals  of  this  region  it  is  the 
trapezohedral  faces  that  develop  most  frequently,  while  the  s 
face,  the  trigonal  pyramid,  is  seldom  found. 

Stanford  University,  California. 
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Art.  XVTI. —  On  the  Radio-active  Properties  of  the  Waters 
of  the  Springs  on  the  Hot  Springs  Reservation^  Hot  Sprin^s^ 
ArJc. ;  by  Bertram  B.  Boltwood.* 

The  Hot  Springs  Reservation  is  sitnated  in  Garland  County, 
Ark.,  on  the  western  slope  of  the  Hot  Springs  Mountain,  a 
spur  of  the  Ozark  Range.  On  the  grounds  of  the  Reservation 
the  thermal  waters  rise  through  over  fifty  separate  sources,  and 
the  total  flow  is  estimated  to  be  over  800,000  gallons  in  twenty- 
four  hours. 

During  the  summer  of  1904,  at  the  direction  of  the  Secre- 
tary of  the  Interior,  a  thorough  examination  of  the  waters 
of  these  springs  for  radio-active  properties  was  carried  out  by 
the  writer.  Samples  of  the  waters  were  collected  at  the 
springs,  some  in  July  by  Dr.  Joseph  H.  Pratt,  and  the  remain- 
der in  August  by  Mr.  Martin  A.  Eisele,  Superintendent  of 
the  Reservation.  The  samples  were  taken  directly  from  the 
springs  and  were  immediately  introduced  into  large,  glass 
receptacles.  These  receptacles  were  tightly  corked  and  the 
corks  were  covered  w-ith  a  heavy  coating  of  hot  sealing-wax, 
thus  hermetically  sealing  up  the  sample  contained  within  theni. 
The  samples  were  shipped  by  express  to  New  Haven,  Conn., 
wliere  the  tests  described  in  this  paper  were  conducted.  The 
samples  w^ere  collected  and  shipped  in  separate  lots  of  six  each, 
and  the  tests  were  carried  out  as  soon  after  the  receipt  of  the 
samples  as  possible.  The  average  time  required  for  the  trans- 
portation of  the  samples  by  the  express  companies  was  about 
seven  days. 

The  constituents  tested  for  were  radio-active  gas  (emanation) 
and  radio-active  solids.  An  examination  was  also  made  of  the 
tufa  deposited  by  certain  of  the  springs  in  order  to  determine 
whether  this  contained  any  radio-active  substances. 

The  methods  employed  in  the  determination  of  the  radio- 
active gas  contained  in  the  water,  and  in  the  determination  of 
the  presence  of  radium  salts  in  solution,  have  already  been 
describedf  in  an  earlier  paper.  The  plan  there  follow^ed  of 
expressing  tlie  activity  of  the  dissolved  radium  emanation  in 
terms  of  the  uranium  equivalent  has  been  modified  to  the 
extent  of  introducing  a  correction  for  the  proportion  of  radium 
emanation  lost  by  the  pulverized  sample  of  uranium  mineral 
used  for  determining  the  standard. J     Since  the  quantity  of 

*  Published  with  the  permission  of  the  Secretary  of  the  Interior. 

+  This  Journal,  xviii,  378,  1904. 

%  A  method  for  determining  the  proportion  of  emanation  which  spontane- 
ously escapes  from  the  cold,  finely-ground  mineral  has  been  described  in  the 
PhU.  Mag.  (8),  ix,  599. 
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radium  associated  with  a  definite  weight  of  uranium  in  a  radio- 
active mineral  has  been  shown*  to  be  a  perfectly  definite  and 
unvarying  quantity,  this  method  of  expressing  the  activity  of  a 
given  quantity  of  emanation  affords  a  convenient  and  accurate 
standard  for  the  comparison  of  samples  of  water  from  different 
sources. 

Samples  of  water  from  forty-four  of  the  different  hot  springs 
were  examined.  The  properties  of  the  gaseous,  radio-active 
constituent  were  found  to  be  identical  with  those  of  the  radium 
emanation.  The  activity  of  the  gas  fell  to  one-half  value  in 
about  3"9  days  and  the  active  deposit,  after  two  hours  from  the 
start,  had  a  half- value  period  of  twenty-eight  rajnutes. 

In  the  following  table  are  given  the  quantitative  results  of 
the  examination  of  the  waters.  The  first  column  gives  the 
laboratory  number  of  the  sample,  the  second  column  contains 
the  number  representing  the  activity  of  the  gas  actually 
obtained  from  one  liter  of  water  expressed  in  terms  of  the 
uranium  standard,!  the  third  column  gives  the  number  of  days 
which  transpired  irjom  the  time  of  collecting  the  sample  to 
the  time  of  testing  the  water,  and  the  fourth  column  gives  the 
initial  activity  of  the  water  (per  liter)  as  calculated  from  the 

equation :  I^  =  le"^'^ . 


Observed  activity 

Days  from 

Calculated 

Aboratory 

per  liter  water 

time  of 

initial 

number. 

g  X  10-*  uranium. 

collection. 

activity. 

22A 

0-9 

8 

3-7 

23A 

3-8 

r 

14-4 

24A 

1-8 

7 

6-8 

25A 

3-9 

7 

15-1 

26A 

8-4 

1 

31-9 

.27A 

U-4 

8 

1-6 

29A 

6-3 

7 

23-9 

30A 

'  12-5 

7 

49-0 

32A 

7-6 

7 

28-9 

33  A 

3-1 

7 

11-8 

34A 

7-7 

7 

29-3 

35A 

17-2 

7 

65-4 

36A 

14-4 

7 

54-7 

37  A 

2-1 

9 

10-3 

38A 

0-9 

7 

3-4 

39A 

8-5 

9 

41-6 

40A 

2-6 

10 

15-3 

4lA 

1-3 

10 

7-7 

43A 

1-3 

7 

4-9 

*Boltwood,  this  Journal,  xviii,  97  ;  Phil.  Map.  (G),  ix,  599. 

t  Tlie  number  denotes  the  weight  in  grams  of  the  quantity  of  uranium  in 
a  radio-active  mineral  which  is  associated  with  a  quantity  of  radium,  the 
total  emanation  from  which  would  be  equivalent  to  the  emanation  obtained 
from  one  liter  of  the  water. 

Am.  Jour.  Sci, — Fourth  Series,  Vol.  XX,  No.  116. — August,  1905. 
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Tiaboratory 
number. 

Observed  activity 

per  liter  water 
g  X  10-*  uranium. 

Days  from 

time  of 
collection. 

Calculated 

initial 

activity. 

44A 

5-8 

7 

22-0 

45A 

0-0 

9 

4-4 

46A 

1-8 

9 

8-8 

47A 

8-1 

6 

23-5 

48A 

1-3 

7 

4-9 

50B 

1-7 

9 

8-3 

6lB 

1-3 

8 

5-3 

52B 

0-17 

6 

0-5 

54B 

0-4 

7 

1-5 

55  B 

2-1 

7 

8-0 

56  B 

0-2 

8 

0-8 

SOB 

3-4 

7 

12-9 

60B 

1-8 

7 

6-8 

6lB 

4-9 

6 

14-2 

02B 

3-9 

7 

14-8 

63B 

25-6 

7 

97-3 

64C 

90 

6 

26-1 

65C 

5-0 

6 

14-5 

66C 

10-5 

6 

30-6 

67C 

*2-5 

8 

10-2 

68C 

9-0 

6 

26-1 

69C 

13-8 

6 

40-0 

70C 

91-6 

6 

265-6 

7lC 

3-6 

i 

13-7 

72C 

3-9 

7 

14-8 

Radio-activily  of  Water  on  Standing, 

A  sample  of  water  No.  39A  was  sealed  up  in  a  large  recep- 
tacle holding  about  twelve  liters  and  allowed  to  stand  undis- 
turbed for  thirty-two  days.  At  the  end  of  this  period  the 
activity  of  the  gases  contained  in  the  water  was  tested.  The 
activity  was  very  low  and  was  not  greater  than  the  natural 
residuum  which  would  remain  from  the  emanation  originally 
present.  This  indicated  that  the  water  contained  no  radium 
salts  in  solution. 

A  quantity  of  water  No.  70C,  from  which  the  gas  had  been 
removed  by  boiling  after  acidifying  with  acetic  acid,  was 
allowed  to  stand  in  an  open  vessel  for  two  days,  and  was  then 
sealed  up  for  twelve  days  longer.  At  the  end  of  this  time  it 
was  tested  for  radio-active  gases,  but  no  radio-activity  could  be 
detected  in  the  gas  which  was  obtained  during  the  second  boil- 
ing operation.  This  also  indicated  the  absence  of  radium  salts 
in  solution. 

Residues  from  Water, 

About  tw^enty  liters  of  water  from  sources  No.  39A  and  67C 
were  evaporated  to  dryness  and  the  residue  tested  in  the  elec- 
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troscope.  No  indication  of  any  activity  in  the  solid  substance 
could  be  obtained.  The  mineral  salts  in  the  residue  were  con- 
verted into  chlorides,  dissolved  in  water,  and  the  resulting 
solution  was  sealed  up  for  thirty  days.  The  accumulated  gases 
were  boiled  off  and  tested.  The  observed  radio-activity  was 
too  slight  to  measure  with  any  accuracy,  and  corresponded  at 
most  to  the  smallest  detectable  trace  of  radium  salts  in  the 
waters. 

Tufa  from  Springs, 

On  issuing  from  the  ground  a  number  of  the  springs  form  a 
deposit  of  ''  tufa,"  consisting  chiefly  of  carbonate  of  calcium. 
A  sample  of  this  material  weighing  100  grams  was  dissolved 
in  dilute  hydrochloric  acid  and  the  gas  evolved  was  conducted 
into  a  strong  solution  of  sodium  hydroxide.  A  small  residue 
of  gases  not  absorbed  by  the  sodium  hydroxide  solution  was 
examined  in  the  electroscope.  The  radio-activity  of  these  gases 
indicated  that  the  quantity  of  radium  present  in  the  tufa  was 
less  than  one-millionth  of  the  quantity  of  radium  associated 
with  an  equal  weight  (100  grams)  of  uranium  in  pitchblende. 

Ga^from  Springs, 

Samples  of  the  gases  which  rise  with  two  of  the  springs 
were  tested  under  conditions  identical  with  those  under  which 
the  gas  obtained  on  boiling  the  water  was  tested.  The  measure- 
ments were  carried  out  eight  days  after  the  gases  had  been  col- 
lected at  the  springs,  and  the  activity  of  the  gases  was  found 
to  be  less  than  that  of  equal  volumes  of  gases  obtained  by  boil- 
ing the  waters  from  the  same  springs. 

Water  from  Cold  Springs, 

In  addition  to  the  hot  springs,  there  are  on  the  grounds  of 
the  Reservation  two  cold  springs,  situated  on  the  northerq  slope 
of  Hot  Springs  Mountain,  and  issuing  from  the  earth  about 
800  feet  from  the  nearest  hot  spring.  An  examination  of  the 
waters  of  these  springs  gave  the  following  results : 

Observed  activity        Days  from  Calculated 

Laboratory  per  liter  water  time  of  initial 

number.  grx  10^*  uranium.       collection.  activity. 

13D  60  6  174 

74D  18-1  10  106-8 

DiscNssioJi  of  Results, 

One  of  the  most  interesting  results  of  the  present  investiga- 
tion is  the  demonstration  of  such  marked  variations  in  the 
activity  of  the  water  from  such  a  closely  related  series  of 
springs.     The  temperature  of  the  different  springs  varies  from 
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35°  C.  to  64°  C.  and  the  total  solids  in  the  waters  vary  from 
170  to  310  parts  per  million,*  while  the  average  amount  of 
solids  in  all  the  springs  is  between  275  parts  and  280  parts.  In 
only  a  few  of  the  springs  do  the  solids  fall  below  270  parts  or 
rise  above  290  parts  per  million. 

In  their  general  chemical  characteristic  the  waters  from  the 
diflFerent  springs  show  a  marked  resemblance  to  one  another,  and 
such  a  great  variation  in  the  activity  of  the  different  waters 
was  entirely  unexpected.  It  will  be  noticed  that  the  most 
active  spring  water  (No.  70C)  is  over  500  times  more  active 
than  the  least  active  (No.  52B). 

That  these  variations  were  in  no  way  due  to  the  conditions 
under  which  the  particular  samples  were  collected  and  tested 
was  shown  by  the  fact  that  duplicate  samples  collected  at  dif- 
ferent times  and  by  different  j)ersons  gave  closely  agreeing 
results. 

All  of  the  hot  springs  are  situated  on  a  narrow  strip  of  land 
about  500  yards  in  length.  No  connection  can  be  discovered 
between  the  location  of  the  springs  and  their  radio-active  prop- 
erties. The  more  active  springs  are  widely  scattered  and 
adjacent  springs  usually  show  great  differences  in  the  radio- 
active properties  of  their  waters.  As  a  general  summary  it 
can  be  stated  that  it  has  been  found  impossible  to  establish  any 
connection  between  the  temperature,  flow,  location  or  chem- 
ical composition  of  the  waters  of  the  springs  and  the  observed 
differences  in  the  radio-active  properties. 

Another  interesting  point  is  brought  out  by  the  relatively 
high  activity  of  the  two  cold  springs  as  compared  with  the 
least  active  hot  springs.  It  will  be  noted  that  the  second  most 
radio-active  water  was  that  from  the  cold  spring  No.  74D. 
This  would  seem  to  indicate  that  the  thermal  qualities  of  the 
waters  and  their  radio-active  properties  are  due  to  quite  inde- 
pendent causes. 

The  results  of  this  investigation  demonstrate  the  necessity  of 
the  quantitative  examination  of  the  water  from  each  separate 
spring  in  order  to  obtain  a  deiinite  knowledge  of  the  radio- 
active properties  of  the  waters  derived  from  a  number  of  adja- 
cent, individual  sources. 

139  Orange  St.,  New  Haven,  Conn.,  June,  1905. 

*  A  very  complete  chemical  examination  of  the  waters  of  these  springs  has 
been  made  by  Mr.  J.  K.  Haywood  of  the  U.  S.  Department  of  Apricultnre. 
The  results  have  been  published  under  the  title  of  "The  Hot  Springs  of 
Arkansas,"  Senate  Document  No.  282,  Government  Printing  Office,  Wash- 
ington, 1902. 
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Art.  XVIII. — On  the  Genesis  of  JRieheckite  and  Riebeckite 
Rocks  /*  by  G.  M.  Aiurooci,  Bucharest. 

Recent  investigations  have  shown  that  riebeckite  rocks  are 
not  uncommon;  new  occurrences  are  being  discovered,  and  in 
old  localities  alkali  rocks  described  as  containing  black  or  blue 
hornblende  are  often  identified  as  really  containing  riebeckite. 
These  rocks  are  attracting  special  attention,  because  of  the 
presence  of  this  rare  sodium-iron  amphibole,  and  because  some 
of  them  are  the  most  acid  of  alkali  rocks,  rising  to  78  per  cent 
in  SiO,  (according  to  the  analyses  of  Butureanu,  Ludwig, 
etc.)  and  to  10  per  cent  in  Na,0  and  K,0. 

I  have  discovered  these  interesting  rocks  in  Dobrogea  at 
Jacobdeal  and  Piatra  rosief  (at  the  mouths  of  the  Danube), 
and  was  able  to  study  in  situ  their  geolomcal  characters  and 
relations  to  the  enclosing  rocks.  I  have  also  compared  them 
in  the  laboratory  with  similar  rocks  from  other  localities.  A 
resume  of  the  facts  in  Dobrogea  is  as  follows : 

In  the  Paleozoic  formations  composed  of  quartzites,  sand- 
stones and  conglomerates,  calcareous  and  argillaceous  shales 
and  crystalline  limestone,  the  following  rocks  are  found  as 
hitrusive  masses :  various  kinds  of  granites,  microgranites, 
quartz  and  orthoelase  porphyries,  diorites  and  olivine  gabbros, 
etc.,  which  in  general  occupy  the  anticlines  of  the  sedimentary 
formations.  All  the  foregoing  rocks  and  the  Triassic  sand- 
stone and  limestone  are  penetrated  by  dikes  of  microgranites, 
[)orphyrie8,  diorites,  pearl  and  porphyritic  diabases,  etc.  It 
las  been  proved  satisfactorily  that  there  have  been  two  epochs 
of  volcanic  activity :  Paleozoic  (pre-Permian)  and  Triassic. 
Sometimes  the  mesocratic .  rocks  of  the  two  series  are  very 
similar  and  could  easily  be  confused  one  with  another,  if  the 
field  relations  are  not  correctly  interpreted. 

The  rocks  of  the  first  volcanic  epoch,  usually  alkali  rocks 
(Mrazec),  show  a  consanguinity  obvious  in  the  field  and  con- 
firmed by  investigation  in  the  laboratory,  Dobrogea  being  in 
this  respect  a  very  interesting  petrographical  province.  Kie- 
beckite  rocks,  however,  are  confined  to  the  hills  of  the  western 
Dobrogea  in  two  of  the  anticlines  of  the  slightly  metamor- 
phosed argillaceous  shales  and  sandstones.  The  anticlines  have 
a  northwest-southeast  strike  and  in  the  region  of  Carjelari  run 

*  Preliminary  commanication  read  before  the  Geological  Society  in  Phil- 
adelphia, December,  1904. 

t  G.  M.  Murgoci,  Ridic&ri  geologice  in  N.  Dobrogei,  Bull.  Soc.  Tngineri- 
loc  de  mine,  1898,  Bucnresti. 

Among  the  specimens  that  I  collected  in  the  qnarries  of  Jacobdeal,  Prof. 
L.  Mrazeo  recognized  riebeckite  granite  and  described  it  in  :  Note  prelim- 
inaire  sor  an  granite  &  riebeckite  and  asp^irine  des  environs  de  Turcoaia 
(Dobrogea).     Ibidem.     1899. 
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together,  forming,  by  their  uniting  cores,  one  single  large  mass 
of  eruptive  rocks.*  In  this  zone,  granites  (soda-granites,  nord- 
markite,  and  quartz  syenite)  microgranites  and  granite  porphy- 
ries (grano|)hyre  and  paisanite)  and  typical  quartz  and  ortho- 
clase  porphyries  are  found  together  in  the  same  or  neighboring 
localities.  One  may  remark,  according  to  the  present  expo- 
sures and  topography  of  these  rocks,  that  the  porphyritic 
masses,  with  or  without  riebeckite,  occupy  a  larger  area  at  the 
surface  than  the  granite  (in.  the  proportion  of  3:1) ;  the  region 
is  much  eroded,  the  layers  are  almost  vertical  and  the  porphy- 
ritic facies  occurs  in  the  western  part  of  the  granite  zone. 
In  this  case  the  porphyritic  rocks  can  not  be  regarded  only  as 
marginal  facies  of  the  granite  massif.  On  the  other  hand,  the 
various  rocks  with  riebeckite  form  large  streaks  and  patches 
{schllere?})  mixed  at  random  in  the  massives,  with  similar 
masses  without  riebeckite,  but  very  acid  and  poor  in  black 
constituents.  Some  masses,  especially  those  of  more  basic 
character,  were  obviously  homogeneous  and  polygeneous 
inclusions.  Althouojh  there  are  many  quarries  in  the  two  hills 
of  Jacobdeal  and  Piatra  rosie,  which  furnish  exposures,  dike 
rocks  of  pegmatitic,  aplitic  or  lamproi>hyric  characters  could 
not  be  found.  In  one  place  a  rock  of  the  type  of  nordmark- 
ite  occurs  in  such  a  manner  that  it  might  be  regarded  as  a  dike 
terminathig  abruptly  upwards;  the  same  rock,  nowever,  occurs 
in  the  neighborhood  as  polygeneous  inclusions. 

Owing  to  the  absence  of  obvious  dikes,  it  is  impossible  to 
determine  the  order  of  the  ascension  and  consolidation  of  the 
magmas  forming  these  various  rocks.  Their  occurrence  and 
structure,  their  study  by  chemical  and  petrographical  methods 
and  the  relations  between  them,  reveal  to  us  only  local  phe- 
nomena which  occurred  duruig  the  consolidation  of  the  large 
molten  mass. 

It  is  well  known  what  a  tendency  the  alkali  magmas  have  to 
differentiate  and  especially  in  massives  of  sodic  rocks ;  this  fact 
can  be  very  well  confirmed,  as  shown  by  numerous  researches. 
This  ])henomenon,  often  described  in  the  alkali  rocks  of  the 
trachyte  syenite  series  (especially  in  nephelite  syenites),  is  also 
mentioned  in  massives  with  riebeckite  rocks  of  the  granite- 
rhyolite  series,  when  studied  over  large  areas.  There  might 
be  cited  the  classic  researches  by  Brogger  (Christiania  region), 
Tenne  (Yemen),  Washington  (Essex  County,  Mass.f),  Lacroix 

*  See  the  geological  map  by  R.  Pancu,  Moniteur  du  Petrole  roam.  1904. 
Bucharest. 

fill  the  neighborhood  of  Boston,  '  *  the  glaucophane  granite"  studied  by 
Wliite  has  been  determined  by  Washington  as  riebeckite  granite  (Jonmal 
of  Geology,  vol.  vi,  No.  Hand  foi.,  1898-1899),  and  among  the  specimens 
which  1  possess  through  the  kindness  of  Prof.  Kemp,  I  was  able  to  distinguish 
riebeckite  granophj-re,  paisanite,  interesting  iuclusixms,  etc.  Even  White 
described  gradual  variations  of  structure  and  composition  in  one  and  the 
same  massif.     Proc.  of  the  Boston  Soc.  of  Nat.  Hist.,  28,  No.  6,  1897. 
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(Madagascar,  Corsica,  Colorado),  Pelikan  (Socotra,  etc.),  Ilar- 
ker  (I.  of  Skye,  etc.),  and  many  interesting  remarks  in  Rosen- 
busch's  writings,  where  he  discusses  amphibole  and  pyroxene 
granites,  etc.  The  very  interesting  example  is  given  by  Lacroix* 
in  the  rhyolite  of  Somalis,  where  schlieren  of  microgranite 
were  observed  in  the  rhyolitic  mass. 

I  have  recently  compared  my  riebeckite  rocks  with  those 
from  Scotland,  Wales  and  Massachusetts,  and  have  been  able 
to  extend  and  generalize  the  conclusions  of  Lacroixf  deduced 
from  observations  on  different  granites  with  riebeckite  and 
aegirite,  and  I  would  include  also  microgranitic  and  porphy- 
ritic  types  from  granite  and  quartz  syenite  series.  Summariz- 
ing the  observations,  we  may  emphasize  the  characters  which 
reveal  to  us  the  genesis  of  the  riebeckite  rocks  as  follows : 

1.  The  massives  with  riebeckite  rocks  are  characterized  by  a 
great  variety  of  types  rich  in  soda  as  schlieren  or  as  dikes. 
In  such  massives  there  is  very  frequently  a  tendency  towards 
a  pegmatitic  or  miarolitic  structure  in  some  of  the  schlieren, 
and  a  fluidal  or  microgranitic  one  in  others.  Schlieren  with  a 
protoclastic  structure  may  be  observed  in  the  holocrystalline 
types  and  also  in  porphyritic  ones. 

2.  Variations  occur  not  only  in  the  structure,  but  also  much 
more  in  the  constituents,  especially  in  the  dark-colored  ones, 
which  are,  however,  almost  always  amphibole,  or  pyroxene,  or 
both,  often  grown  together  or  zonal.  The  amphibole  in  the 
most  acid  rocks  is  of  the  arfvedsonite-riebeckite  group,  in  the 
relatively  basic  ones  it  is  of  the  kataforite-barkevikite  group; 
the  pyroxene  is  aegirite  or  oegirite-augite.  -^Egirite  nearly 
always  accompanies  riebeckite ;  but  while  aegirite  occurs  often 
as  well  developed,  more  or  less  idiomorphic,  crystals,  the  large 
patches  of  riebeckite  have,  as  is  well  known,  a  spongy, 
poikilitic  structure  with  a  well  marked  allotriomorphic  devel- 
opment. The  character  of  its  occurrence,  in  even  granular 
rocks  and  in  porphyries,  shows  that  riebeckite  has  been  formed 
continually  during  the  whole  time  of  the  consolidation  of  the 
magma.  It  is  found  as  microlites,  in  small  and  minute  prisms 
and  needles  or  libers,  included  in  other  constituents  such  as 
feldspar,  quartz,  etc.;  as  large  dark-blue  crystals  grown  together 
with  other  minerals,  such  as  aegirite,  zircon,  and  pyrochlore  ; 
as  patxjhes  cementing  feldspar  and  even  quartz;  as  poikilitic 
shreds  and  beads  in  the  groundmass  of  the  porphyritic  rocks ; 
further  it  is  found  in  miarolitic  cavities,  in  pneumatogeneous 
inclusions,  in  the  cracks  and  druses  of  the  rocks  tilled  by 
pegmatitic  masses,  etc. 

*  A.  Lacroix,  Lea  Rhyolites  k  aegirine  and  riebeckite  de  Somalis.  C.  R., 
Ac.  So.  Paris,  cxxviii,  1899. 

f  A.  Lacroix,  Materiaux  pour  la  Min^ralogie  de  Madagascar.  NoaveUes 
ArchiTeg  du  Mas^am  d'Hist.  Natur.  IV*  s.  1902,  p.  164,  etc.  See  also  Les 
trsTaax  de  M.  A.  Lacroix,  1903. 
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3.  The  riebeckite  rocks  represent  in  the  massives  the  peg- 
matitic  varieties,  consolidated  under  special  physical  conditions, 
riebeckite  being  a  mineral  which  requii-es  pneumatolitic  con- 
ditions for  its  formation.  All  petrologists,  who  have  studied 
riebeckite  rocks,  mention  pegmatitic,  micropegmatitic  or  grano- 
phyric  structures  as  being  characteristic  of  them.  Brogger* 
has  remarked  that  riebeckite  (and  arfvedsonite)  occurs  espe- 
cially in  rocks  rich  in  quartz  (over  60  per  cent,  according  to 
the  analyses  of  Buturcanuf  and  E.  Ludwig:^,  up  to  78*5  per 
cent),  and  on  the  other  hand,  while  aegirite  occurs  in  ahnost  all 
the  rocks  of  the  Christiania  region,  riebeckite  appears  only  in 
those  which  indicate  high  pressure,  and  is  wanting  in  those  peg- 
matitic dikes,  where  aegerite  is  the  most  frequent  mineral. 
Flink  &  Boggild§  have  described  riebeckite  ("  type  II  of  arfved- 
sonite," Hiebeckite  ?)  in  the  pegmatitic  schlieren  of  Greenland 
(Narsarsuk),  which  are  also  very  rich  in  segirite.  It  must  be 
noted,  that  the  syenite  pegmatites  of  Nai^sarsuk  occur  not  as 
veins  or  dikes,  like  those  from  Christiania,  but  "there  are 
dike-like  syenite  formations,  which  differ  from  the  ordinary 
typical  syenite,  in  having  as  chief  elements  constituents,  rich 
in  iron,  of  the  pyroxene  and  amphibole  series.     There  can  be 

no  question  of  dikes  or  deposits, the  minerals  show 

that  the  pegmatitic  formations  have  arisen  simultaneously  with 
the  bulk  of  the  rock."  Ileddle,  Prior,  Konig,  etc.,  have  also 
studied  perfect  crystals  from  quartz  dikes  or  miarolite  cavities 
only.  On  the  other  hand,  Lacroix||  has  descrii)ed  very  charac- 
tenstic  pegmatites,  containing  the  only  largo  crystals  of  rie- 
beckite known,  which  come  from  Colorado  (San  Petro's  Dom), 
Corsica,  Madagascar,  etc.  The  riebeckite  crystals  occur  in  the 
pegmatite-like  black  tourmaline  in  common  pegmatites ;  the 
rieheckite  pegmatites  pass  over  gradually  into  granitic  or 
microgranitic  rocks. 

*  W.  C.  Brftgger,  Emptivgesteine  der  Kriatiania  Gebietes,  i,  1894,  pp.  38, 
39,  184,  188,  etc. 

f  V.  Butureann,  Sur  la  composition  des  granite  &  Riebeckite  de  Jacob- 
deal,  Dobrogea.  Annales  scientifiques  de  rUniversit^  de  Jassy,  1893.  An 
analysis  of  riebeckite  too. 

X  A.  Pelikan,  Petrographische  Untersuchungen  von  Gesteine  der  Inseln 
Sokotra,  Abdel  KClri  und  Semba.  Denkschriften  der  Matb.  Naturw.  Klasse 
der  k.  Akademie  Wien,  1902,  Ixxi.     Analyses  by  Prof.  E.  Ludwig. 

g  J.  Flink,  O.  Boggild  and  Chr.  Winter.  Untersnchnugen  tiber  Mineralien 
von  Jnlianehaab.  Meddelelser  om  Groenland,  1899,  24.  Reference  in  Zeit- 
Bchr.  f.  Kryst.  andMin.  xxxiv,  1901. — N.  v.  Ussing  (ibidem,  1894,  Abstract  in 
Neues  Jahrbnch  f.  Miner.,  etc.,  1901,  45)  cites  riebeckite  also  in  syenite. 

I  A.  Lacroix,  after  the  commnnications  to  Academic  de  Sciences,  Paris 
(Colorado,  Comptes  Rendus  cix,  1889,  Mt.  Saber,  C.  R.  cxxviii,  1899)  returns 
to  the  Corsican  rocks  (described  first  by  Le  Vevier,  C.  R.  cix,  1899,  and 
Nentien,  Mem.  carte  g^ol.  France,  1897)  in  Min^ralogie  de  la  France,  i,  895, 
and  recently  discusses  the  general  question  in  Materianx  pour  la  Min^ralogie 
de  Madagascar.  Nouv.  Archives  du  Museum  d'Hist.  Natur.  190^1903.  See 
also  :  Les  travanx  de  M.  A.  Lacroix,  1903. 
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4.  I  raay  further  emphasize  the  similarity  of  riebeckite, 
in  its  occurrence  and  petrographic  characters,  with  the  tourma- 
h'ne  from  tourmaline  granites,  aplites,  etc.  The  poikilitic 
structure  of  the  large  crystals,  hypidiomorpliic  and  allotrio- 
morphic  forms  in  one  and  the  same  rock,  are  characters  com- 
mon to  both  riebeckite  and  tourmaline.  The  rocks  with 
tourmaline  are  very  alkalic  like  those  with  riebeckite* ;  rie- 
beckite like  tourmaline  eliminates  other  black  constituents 
such  as  biotite.  The  riebeckite  rocks  have  their  special  acces- 
sory mineral,  zircon,  in  the  same  way  that  tourmaline  rocks 
carry  cassiterite.f 

6.  The  quartz  and  the  feldspars  (which  are  orthoclase  either 
with  patches  of  soda-microcline  or  with  albite  in  microperthite 
intergrowths,  all  more  or  less  idiomorphic)  contain  many  inclu- 
sions of  riebeckite,  zircon,  and  liquids  with  bubbles  and  cubes 
of  common  salt. 

6.  A  great  deal  of  zircon  accompanies  the  riebeckite ; 
Brogger,  Washington,  Mrazec,  Lacroix  and  Souza  Brandao 
(1905)  emphasize  this  fact.  Lacroix  found  as  much  as  7'5  per 
cent  zircon  in  the  rocks  of  Madagascar.  The  barkevikite  rocks, 
on  the  other  hand,  contain  much  titanite.  It  is  worthy  of  men- 
tion in  this  connection  that  Brogger;]:  states  that  in  the  middle 
of  a  dike  of  quartz-lindoite  (of  west  Aker,  Christiania)  riebeckite 
occurs  with  much  zircon,  crystallized  after  riebeckite,  whilst  at 
the  salband  there  is  katoforite  and  pegirite  without  zircon  ;  on 
the  other  hand,  zircon  is  very  frequent  in  the  pegmatitic  dikes 
at  the  Christiania  region.  Zircon  and  titanite  have  been  formed 
during  the  whole  time  of  the  consolidation  of  the  magma-like 
riebeckite. 

7.  In  miarolitic  cavities  of  these  rocks  fluorspar,  galena, 
zircon  (spinel  ?)  and  riebeckite  have  been  found  together. 
Brogger,  Lacroix  and  Washington  state  that  fluorspar  is  often 
a  constituent  of  the  rocks  rich  in  soda,  which  contain  oegirite 
and  riebeckite,  and  in  general  I  have  also  found  it  in  many  of 
the  rocks  of  the  region  studied  by  me  and  in  those  of  other 
places,  such  as  in  the  Quincy  granite,  the  trachyt;e  of  Berkura 
near  Remagen,  the  microgranite  of  Ailsa  Craig,  etc. 

The  occurrence  of  fluorspar  in  certain  granites  is  very 
important  from  a  theoretical  standpoint;  in  them  fluorspar 
occurs  as  small  crystals,  often  microlites,  grown  together  with 
or  included  in  the  aegirite ;  riebeckite  when  inter-grown  with 
aegirite  is  quite  free  from  such  fluorspar  inclusioirs,  but  may 
contain  small  pockets  of  rare  carbonates  (])arisite  ?).     In  general 

♦  The  complicated  compoBition  of  riebeckite  is  weU  known.  I  know  of 
six  analynes  and  no  two  alike  ;  the  differences  can  not  come  from  mistakes 
only.     On  the  other  baud,  riebeckite  contains  Fl  also. 

(A.  Lacroix,  Materianx  de  Madagascar,  loc.  cit.,  i,  p.  89. 
W.  C.  BrOgger,  loc.  cit.,  pp.  137,  138. 
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segirite  granite  carries  much  fluorspar ;  in  the  pure  riebeckite 
granite,  on  the  other  hand,  it  is  ahnost  entirely  wanting. 
Brogger*  mentions  the  occurrence  of  much  fluorspar  and 
segirite  on  the  salbands  of  the  grorudites  of  Oraholtsaeter, 
which  are  apophyses  of  the  soda-granite  of  Kongsberg  and  in 
relation  with  the  genuine  pegmatitic  dikes  and  akmite  granite 
of  Rundemyr.  According  to  Rosenbuschf  in  this  massif  there 
occurs  also  riebeckite  granite. 

Brogger:]:  described  also  a  peripheral  transformation  of  bar- 
kevikite  into  segirite  and  lepidomelane  with  a  rich  accompani- 
ment of  fluorspar,  and  he  explains  this  change  as  due  to  pneu- 
matolitic  action  at  the  end  of  the  consolidation  of  the  hydato- 
pyrogeneous    masH    or   immediately  after  it.      This   may  be 

Cossible  in  the  pegmatitic  dikes  of  Christiania,  where  Brogger 
as  proved  four  phases  of  pneumatolitic  action,  segirite  being 
formed  in  the  third  phase.  If  the  rock  contains  both  riebeck- 
ite and  segirite,  often  grown  together  with  fluorspars  and  car- 
bonates, I  believe  the  process  to  have  occurred  in  another 
manner,  riebeckite  and  segirite  being  primary,  fluorspar  and 
carbonates  also.  It  is  well  known  what  complicated  relations 
of  zonal  and  other  intergrowths  there  are  between  the  pyrox- 
enes and  amphiboles  when  they  occur  together,  especially  in 
flegirite-riebecKite  rocks  ;  some  petrologists  have  considered  the 
aegirite  as  a  transformation  product  of  riebeckite,  and  others 
have  taken  the  riebeckite  for  a  secondary  product  of  segirite. 
Among  other  examples  there  might  be  mentioned  the  one 
furnished  by  Crossg  in  his  description  of  amphiboles  from 
Silver  Cliff,  Col.,  and  another  by  Boggild  (loc.  cit.),  who  has 
found  in  the  pcj^matitic  schlieren  of  Narsarsuk  arfvedsonite 
covered  by  secondary  aegirite,  and  in  the  same  rock  riebeckite 
with  a  core  of  segirite.  Most  petrologists  state,  however,  that 
riebeckite  and  legirite  are  primary  in  their  rocks.  Without  deny- 
ing the  later  transformation  of  riebeckite  into  segirite,  a  fact 
easy  to  imagine  considering  that  their  composition  is  similar  and 
that  segirite  seems  to  be  the  more  stable  form,  I  believe,  how- 
ever, that  in  .general  riebeckite  and  a?girite  are  both  primary 
in  rocks,  and  if  transformations  have  taken  place,  they  must 
have  occurred  before  the  consolidation  of  the  magma. 

The  genesis  at  the  same  time  of  these  two  minerals  of  almost 
identical  composition  is  a  very  interesting  phenomenon  and 
deserves  to  be  taken  for  a  moment  into  consideration  :  Steen- 


*  W.  C.  Brogger,  ibidem,  p.  190. 

1H.  Rosenbnsch,  Massige  Oesteine,  II  ed.,  p.  59. 
W.  C.  Brogger,  Die  Mineralien  der  Syenit-peginatitgange  von  Norvegien. 
Zeitscbrift  der  KrystaUograpbie  uud  Mineralogie,  16,  1890.     The  first  part  is 
devoted  to  the  rocks  of  that  region. 

§  WTiitman  Cross,  Note  on  some  secondary  minerals  of  the  amphibole 
and  pyroxene  groups.     This  Journal,  xxxix,  1890. 
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strup*  by  melting  arfvedsonile  has  obtained  segirite ;  Doelter 
by  melting  gastaldite  in  sodium  fluoride  has  also  obtained 
»girite  or  akmite,  but  without  fluoride  there  resulted  an 
amorphous  mass.  These  two  experiments  and  many  others 
have  shown  that  aegirite  and  pyroxene  can  originate  in  molten 
masses  under  ordinary  conditions.  This  is,  however,  not  the 
case  with  amphiboles,  and  recently  Vogtf  has  demonstrated 
again  that  amphiboles  require  high  pressure  for  their  forma- 
tion. Considering  the  facts  more  closely,  for  a  medium  to  be 
capable  of  giving  rise  to  the  riebeckite  or  aegirite  molecule 
(wnich  may  be  expressed  by  Si^Oj^Fe'",  Fe"  Na,J),  there 
appear  to  be  two  chief  factors  necessiiry,  neimel j  press iwe  and 
mineralizers^.  The  obvious  fact  that  these  two  minerals  can 
originate  at  the  same  time  in  a  magna,  shows  that  there  cannot 
be  much  difference  between  their  coefficients  of  solubility,  i.  e., 
their  capacity  for  forming  saturated  solutions  in  the  molten 
mass ;  on  the  other  hand,  the  melting  point  of  these  minerals 
(aeg.  =  940°,  rieb.  =  945°  C.  according  to  Doelter)  is  not  differ- 
ent under  ordftiary  circumstances  and  cannot  vary  much  if 
the  circumstances  vary  in  the  same  way  for  both  minerals. 
The  structure  of  the  riebeckite-eegirite  rocks  and  the  mode  of 
occurrence  of  these  minerals  support  the  statement  of  Hopfner 
verified  by  Vogt  (1.  c),  that  pressure  has  not  much  influence 
on  the  order  oi  separation  of  the  minerals  in  a  magma  and  on 
the  composition  of  euteetic  mixtures.  I  may  add,  with 
respect  to  the  ideas  of  Loewinson-Lessing,!  that  pressure  alone 
is  not  suflicient  to  force  a  dimorphous  substance  to  crystallize 
in  one  form  rather  than  in  another,  althouirh  one  mav  have  a 
smaller  true  molecular  volume  than  the  other.  According  to 
this  general  dynamic  rule,  aegirite,  with  the  smaller  molecular 
volume,  should  be  the  characteristic  mineral  of  the  abyssal 
rocks  rich  in  soda.  Observation  and  experiment  contradict 
this:  aegirite  can  form  under  ordinary  pressure  and  occurs 
much  more  in  hypabyssal  and  volcanic  rocks  than  in  abyssal 
ones;  riebeckite  has  not  been  obtained  at  ordinary  pressure, 
but  it  occurs  in  trachyte  with  fluorspar  and  in  rhyolites,  which 
clearly  show  evidences  of  a  ])neumatol3"tic  process.     On  the 

*  The  best  argnment  for  the  primary  existence  of  the  aegirite  is  its  occur- 
rence, in  the  same  rock,  with  little  thin  needles  of  riebeckite,  which  conld 
not  resist  even  the  slowest  and  slightest  action  of  transformation. 

f  T.  H.  Vogt,  Die  Silikatschmeltzlosungen.  Mem.  of  the  Acad,  of  Chris- 
tiania.  1904. 

X  This  formula  g^ven  by  KOnig,  and  confirmed  by  Butureann  on  the 
Dobrogean  riebeckite,  agrees  very  closely  with  the  analyses  of  aegirite  by 
Doelter. 

§  This  question  in  particular  I  intend  to  take  up  again,  after  some  experi- 
ments,  with  more  detail. 

I  F.  Loewinson-Lessing,  Studien  liber  Eruptivgesteine.  Memoires  du  Con- 
gris  Geol.  de  St.  Petersburg,  1897,  p.  325  f. 
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other  hand,  the  schistose  metamorphosed  riebeckite  rocks  of 
Gloggnitz  and  Alter  Padroso,  etc.,  show  no  transformation  in 
this  respect,  sBgirite  and  riebeckite  having  the  same  character 
and  both  being  primary,  often  grown  together  or  zonal,  as  in 
the  unpressed  eruptive  rocks.  We  are  Forced  accordingly  to 
invoke,  besides  the  composition  of  the  magma  and  the  pressure, 
also  that  important  agent,  which  hap  left  its  traces  in  the  com- 
ponents of  tnese  rocks,  the  miner^alizers* 

If  now,  p  represents  the  conditions  of  pressure,  which  may 
be  unity,  or  one  atmosphere,  and  m  the  mineralizersf,  which 
may  be  much  reduced,  of  a  magma  in  which  the  whole  sub- 
stance SijOj^Fe'',  Fe"  Na,  may  crystallize  as  eegirite,  then  P  and 
M  may  be  the  conditions  of  minimal  pressure  and  mineralizers 
in  which  the  same  substance  may  crystallize  as  riebeckite. 
One  can  imagine  that  between  the  points  i?,  rn  and  P,  M  there 
may  be  a  large  number  of  stages  (P^,  My),  where  there  can 
arise  a  variable  percentage  A  of  segirite  to  7?  of  riebeckite, 
more  or  less  respectively,  accordingly  as  a  particular  stage  is 
nearer  to  the  point  »,  m  or  P,  M.ij:  The  variation  of  the 
medium  ix  (composition  of  magna  4-  mineralizers)  influences 
in  large  proportion  the  phenomena,  and  the  representative 
curve  of  the  phenomena  /  (m,  jp)  is  displaced  in  plane,  and  for 
a  definite  value  of  ix  we  meet  with  a  critical  point  for  the  for- 
mation of  riebeckite ;  in  a  magma  below  this  limit, — rie- 
beckite can  no  longer  form  under  any  pressure  by  the  given 
mineralizers.  And  according  to  these  different  conditions  of 
a  magma*,  pressure  and  mineralizers,  there  can  originate  in  one 
and  the  same  igneous  mass  and  at  the  same  time  of  consolida- 
tion rocks  with  riebeckite  only,  rocks  with  riebeckite  and 
segirite  in  all  proportions,  and  those  with  segirite  alone. 

In  this  way  we  can  explain  the  relations  which  have  been 
observed  between  riebeckite,  segirite  and  fluorspar.     The  min- 

*  F.  Loewinson-Lessing  in  his  interesting  discussion  (1.  cit.  p.  359)  admits 
the  necessity  for  pressure  and  an  active  gas  (he  means  water)  for  the  forma- 
tion of  amphiboles.  The  experiments  which  he  has  made  by  melting  pyrox- 
enes and  amphiboles  in  an  atmosphere  of  water  vapour  have  not  been  suc- 
cessful in  producing  hornblende.  It  would  be  very  interesting  to  know  what 
would  be  the  result  of  an  experiment  in  a  fluorine  atmosphere  under  a  high 
pressure  !  I  may  note  that  the  only  synthetic  hornblende  (with  3jf  NaaO) 
was  obtained  by  Chrustschoff  (1891)  in  sealed  tubes  in  the  presence  of  water 
at  high  temperature. 

t  That  is  to  say,  the  capability  of  the  mineralizers  for  forming  minerals. 

X  This  question  is  a  very  complicated  one  and  we  do  not  know  how  many 
substances  and  how  many  phases  there  are  at  a  given  moment.  We  may, 
however,  imagine  the  simplified  case  of  n  substances  (magma,  iron -sodium 
silicate  and  fluorine  mineralizers)  and  n  + 1  phases  (magmatic  solution,  rie- 
beckite, aBgirite  and  gas).  The  most  analogous  example  is  to  be  found  in 
the  crystallization  of  calcite  and  aragonite  (or  conchite)  from  a  dilute  solu- 
tion at  varying  temperatures.  See  :  BeitrSge  znr  mineralogischen  Kenntnis 
der  Kalkausscheidung  im  Tierreich  von  Agnes  Kelly.  Jenftischen  Zeitschrift 
ftlr  Naturwissenschaft,  1900. 
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eralizers  have  not  a  catalytic  action  only ;  it  has  been  demon- 
strated several  times  that  tliey  have  an  active  part  in  the  con- 
solidation of  magmas  and  in  the  formation  of  minerals. 
Accordingly,  in  a  magma  of  a  definite  composition  containing 
mineralizers  and  under  a  sufficient  pressure  to  give  rise  to  rie- 
beckite,  a  part  of  the  mineralizers  (El,  Na,  Ti,  Zr,  etc.)  play 
an  active  role  in  the  formation  of  the  riebeckite,  entering  also 
into  its  composition.*  Where  there  is  low  pressure  and  the 
mineralizers  are  not  appropriate  for  the  formation  of  riebeckite, 
segirite  is  formed,  and. the  mineralizers,  which  it  does  not 
require  for  its  production,  react  on  the  magma  and  among  them- 
selves, giving  rise  to  other  characteristic  minerals  with  the 
form  and  paragenesis  which  we  have  seen  above. 

8.  The  former  presence  of  high  pressure  and  abundant 
active  mineralizers  can  be  clearly  deduced  from  the  study  of 
riebeckite  rocks,  as  may  be  seen  from  the  works  of  BrOgger, 
Lacroix  and  others.  Lacroix,  in  particular,  concludes  from  the 
presence  of  fluorspar,  galena,  zircon,  and  the  pseudomorphic 
changes  and  alterations  undergone  by  riebeckite  and  aegirite, 
that  emanations  characterized  by  fluorine  and  zirconium  were 
active  at  the  moment  of  consolidation,  and  that  in  riebeckite 
rocks  zirconium  plays  the  part  of  tin  in  alkali  rocks  with  tourma- 
line. He,  like  Brogger,  assumes  a  powerful  manifestation  of 
post-volcanic  activity,  which  in  some  cases  has  produced  deposits 
of  cryolite,  as  at  St.  Peter's  Dome,  Colo.,  and  in  Greenland,  or 
marked  transformations  in  the  structure  and  composition  of 
the  rocks,  as  in  the  rhyolite  of  Somalis. 

According  to  my  researches  in  Dobrogea  the  post-volcanic 
activity  is  almost  wanting  in  massives  with  many  schlieren  and 
much  variation  in  the  kinds  of  rocks.  No  pegmatitic  dikes  or 
veins  like  those  in  Greenland  or  Norway  have  been  seen  in  the 
many  quarries  in  Jacobdeal  and  Piatra  rosie,  and  the  contact 
metamorphism  of  the  neighboring  rocks  is  very  small.  I  may 
add  that,  in  this  respect,  the  alkali  granite  of  Macin  and 
Pricopanu  shows  much  greater  contact  phenomena  and  pneu- 
matolitic  post-volcanic  activity.  In  tlie  cracks  of  the  Jacob- 
deal  granite  I  have  found  only  a  few  spots  coated  with  little 
crystals  of  quartz,  haematite,  very  rarely  fibers  of  crocidolite, 
and  beautiful  dendrites  of  ferromanganese  hydroxides  like 
those  from  the  Quincy  granite. 

•  This  deduction  finds  a  certain  verification  in  the  composition  of  rie- 
beckite ;  unfortunately  the  existing  analyses  are  very  nnaatisfactory.  In  a 
recent  conversation  with  Dr.  TaKsin.  he  informed  me  that  he  had  found 
fluorine  in  a  riebeckite  which  he  is  analyzing.  Amphiboles  with  fluorine  are 
known;  for  example,  see  the  pargasites,  etc.,  in  the  table  of  analyses  by 
Hintze,  and  the  hornblende  from  (jren\ille  (Quebec)  with  2*8  per  cent  Fl 
(Harrington,  B.,  this  Journal,  19013,  p.  81)2).  Perhaps  the  loss  in  Konig's 
(riebeckite)  analyses  (made,  he  says,  with  all  precautions)  may  be  fluorine. 
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The  pneumatolitic  elements  have  been  in  the  magma  and 
reactinj":  rather  dunng  the  time  of  the  consolidation  of  these 
riebeckite  rocks  than  later  (as  1  have  attempted  to  show  above). 
The  study  of  the  inclusions  of  riebeckite  granite  give  further 
support  for  this  statement.  Such  inclusions  have  been  men- 
tioned by  Brogger,  Washington,  and  White,  but  do  not  seem 
to  have  aroused  much  interest.  I  have  found  many  inclusions 
in  the  granite  of  Jacobdeal  and  Piatra  rosie,  and  have  observed 
some  in  the  Quincy  granite.  They  may  be  classified  as 
follows : 

Homogeneous  inclusions,  that  is  aggregates  of  riebeckite 
which  are  often  fibrous  (crocidolite  ?),  with  spongy  quartz, 
zircon  and  hematite ;  the  riebeckite  forms  large  prisms  but  is 
not  well  developed. 

Pneumatogeneous  inclusions,  that  is,  those  formed  by  miner- 
alizing vapors  wliich  are  porous  or  hollow,  with  a  great  deal  of 
fluorspar,  galena,  pyrites,  pyrotite,  mispikel,  hematite  and 
many  earthy  looking  minerals  which  are  certainly  alteration 
products  of  other  minerals ;  riebeckite  and  augite-aegirite  are 
rare,  feldspar  is  more  frequent  and  there  is  very  little  quartz.* 

Polygenous  and  enalogenous  inclusions  formed  by  varying 
combinations  of  processes,  of  variable  size  and  composition  ; 
in  such  inclusions  occur  large  crystals  of  orthoclase  and  albite, 
pyroxenes,  amphiboles  (but  no  riebeckite),  astrophillite,  mica, 
etc.  Through  the  assimilation  of  these  inclusions  local  varia- 
tions in  the  composition  and  structure  of  the  granite  arise, 
and  rocks  are  formed  (endopligenous  inclusions)  of  the  types 
of  nordmarkite,  akerite,  grorudite,  paisanite  ana  even  quartz- 
pulaskite  and  solvsbergite.  The  occurrence  of  these  different 
rocks  as  inclusions  is  very  striking  in  the  many  quarries  of 
Dobrogea  and  also  in  specimens  from  Quincy,  Massf.  In 
many  of  these  rocks  riebeckite  is  replaced  by  katoforite  or 
barkevikite,  and  this  fact  can  be  explained,  in  my  belief,  by 
variation  in  the  composition  of  the  magma  under  definite  limits, 
while  pressure  and  mineralizers  remain  the  same  as  in  the 
main  mass. 

Lacroix  has  described  from  Ampasibitika  contact  rocks  of  a 
riebeckite  granite  (perhaps  in  part  inclusions)  and  states  that 
they  contain  the  same  minerals,  riebeckite — sometimes  in  pseu- 
domorphic  forms — a^girite,  fluorspar,  6j)inel  and  zircon,  which 
occur  in  the  granite.  The  contact  of  Dobrogea  does  not  show 
marked  metamorphism ;  there  are  epidote,  pyroxene  and 
amphibole  hornfelses,  but  without  riebeckite,  and  it  may   be 

*  G.  Murgoci,  Minerale  din  Dubrogea.  PubUcatiunile  Soc.  Naturalistilor, 
2,  1902.     Bucharest. 

f  I  may  further  remark  that  the  analyses  of  an  enclosure  in  granite  of 
Pigeon  Hill,  by  Washington  (loc.  cit.),  does  not  differ  at  aU  from  the  akerite 
analyzed  by  the  same  investigator.     Journal  of  Geology,  1898-99. 
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added  that  in  general  this  mineral  does  not  occur  in  genuine 
schists.  The  well  known  forellengranulite  (orthogneiss)  of 
Gloggnitz.*  the  riebeckite  granulite  of  Alter  Pedroso  in  Por- 
tugal,t  are  surely  eruptive  rocks,:}:  and  their  characters  are 
quite  similar  to  those  summarized  above.  Lacroix§  mentions 
genuine  schists  with  riebeckite  from  Corsica,  from  the  Alps  of 
Savov,  from  Bulgar  Dagh  in  the  Taurus,  etc.,  which  occur  asso- 
ciated with  glaucophane  schists.  It  is  to  be  noted  that  the  rie- 
beckite of  these  rocks  occurs  as  needles  and  fibers,  radially 
spherulitic  or  lenticular,  and  it  has  always  been  compared  with 
the  tourmaline  of  luxullianite.  In  some  rocks,  especially  holo- 
crystalline  ones,  needles  and  fibers  of  riebeckite(?)  are  found  in 
such  relation  to  large  crystals  of  riebeckite  or  eegirite,  that  they 
look  like  secondary  products  and  are  quite  similar  to  those 
described  by  Cross,  Lane,  White  and  Washington.  Cross  has 
identified  the  blue  amphiboleof  Silver  Cliff  with  the  crocidolite 
of  Lacroixj ;  perhaps  it  is  the  case  that  all  these  kinds  of  blue 
amphiboles  should  be  referred  to  crocidolite.^f  Crocidolite 
seems  to  be  different  from  riebeckite  both  in  occurrence  and 
composition  ;  its  genesis  in  riebeckite  rocks  seems  to  show  that 
it  should  there  be  primary,  indicating  circumstances  which  Wein- 
schenk  presupposes  in  piezocrystallization ;  and  many  characters 
of  crocidolite  are  in  accordance  with  this  hypothesis,  as  S. 
Franchi  has  deduced  for  the  glaucophane  (and  crocidolite) 
schists. 

From  the  above  mentioned  characters  of  riebeckite  and  of 
the  rocks  in  which  it  occurs,  we  may,  to  some  extent,  deduce 
the  circumstances  under  which  these  rocks  have  been  formed, 
especially  those  from  Dobrogea. 

The  magma  which  has  given  rise  to  the  riebeckite  rocks 
ascends  from  an  alkaline  magma  basin,  from  which  it  is  derived 
by  a  process  of  magmatic  differentiation.     The  molten  mass, 

*  H.  KejBerling,  Der  Gloggnitzer  ForeUenstein :  Tschermak's  Mineral, 
petrogr.     Mittheilungen,  xxii,  1903. 

f  V.  de  Soaza  Brand&o,  Ueber  einen  portngesischen  AlkaligrannUt.  Cen- 
tralblatt  fur  Mineralogie,  Geologie  mid  Paleontologie,  1902,  p.  50. 

X  Dr.  Teall  and  Fleet  have  found,  last  summer,  in  Wales,  a  riebeckite  gneiss 
which  in  mineralogical  and  petrographical  characters  seems  a  granite  gneiss. 

§  A.  Lacroix,  Mineralogie  de  la  France,  i,  p.  697. 

I  With  the  bine  amphibole  described  by  W.  Cross,  C.  Palache  has  identi- 
fied another  bine  amphibole,  crossiU,  from  an  albite  schist  of  Berkeley, 
Bui.  of  Geol.  Depart.  Calif.  Univ.,  i,  1894.  I  may  observe,  however,  fol- 
lowing the  comment  of  Lane  and  my  own  determinations,  that  this  cannot 
be  done ;  the  crossite  of  Berkeley  is  a  blue  amphibole  (glaucophane)  which 
has  the  plane  of  the  optic  axes  perpendicular  to  (010),  b  :  c=16''.  But  I  have 
found  the  amphibole  of  Cross  in  a  syenite  from  Spanish  Peak,  Cal.,  and  it 
looks  like  crocidolite. 

^  S.  Franchi,  Prof.  Louderback.  etc.,  have  found  crocidolite  quartzite  in 
tb«  area  of  glaucophane  schists  which  are  very  similar  to  the  riebeckite 
schists  described  by  Lacroix. 
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isolated  perhaps  in  an  anticline  or  in  a  laccolith,  is  maintained 
for  a  long  time  as  a  mother  liquor  in  a  state  of  hydrotherraal 
fusion  in  which  there  swim  crystals  already  formed,  or  in  pro- 
cess of  formation.  On  account  of  the  impermeability  to  vapor 
of  the  beds  of  shale,  quartzite,  etc.,  between  which  it  has  been 
introduced,  the  mineralizers  cannot  escape,  they  continue  to 
act  on  the  magma  and  to  be  gradually  assimilated.  The  pres- 
ence of  fluorspar,  zircon,  titanite,  and  sulphides  as  constituents 
of  the  riebeckite  rocks,  the  occurrence  of  pneumatogeneous 
and  polygeneous  inclusions  and  of  schlieren  with  characteristic 
minerals  confirm  this  view. 

The  chief  factors  in  the  formation  of  riebeckite  rocks  are 
the  pressure  and  definite  mineralizers ;  with  the  variation  of 
these  two  factors  and  of  the  composition  of  the  magma,  the  pro- 
ducts of  crystallization  are  also  changed.  Only  under  high 
pressure  due  to  tectonic  movements  and  to  the  persistent  reten- 
tion of  mineralizing  vapors,  and  with  a  large  quantity  of  the 
latter  present,  could  riebeckite  be  formed ;  if  one  of  these 
factors  varied,  especially  the  pressure,  segirite  would  then  occur 
in  addition  to  riebeckite.  Of  course  the  pressure,  the  mineral- 
izers and  the  composition  of  the  magma  usually  differ  from 
one  point  to  another,  as  may  be  seen  from  the  quantitative  and 
qualitative  variation  of  the  mineral  elements  of  the  rocks. 
Especially  had  the  assimilation  of  inclusions  of  neighboring 
rocks  provoked  such  variations  of  chemical  and  physical  con- 
ditions, that  riebeckite  could  no  longer  be  formed. 

In  addition  to  the  chemical,  ameclianical  action  was  present; 
new  upwellings  of  fluid  magma  and  of  mineralizers  cause 
streams  and  vortices  in  the  consolidating  molten  mass.  These 
influence  the  crystallization  and  aid  in  the  formation  of 
schlieren  ;  in  the  more  quiet  parts  a  pegmatitic  or  a  granular 
structure  is  produced ;  there  in  the  streams  and  more  agitated 
areas  a  fluidal  or  a  protoclastic  structure  originates ;  the  rapid 
sinking  of  the  temperature,  the  loss  of  mineralizing  vapors, 
or  lowering  of  pressure  in  other  parts,  determines  a  porphyritic 
structure  with  the  two  periods  of  consolidation  more  or  less 
well  pronounced  of  the  mineral  constituents.* 

Riebeckite  forms  only  in  the  relatively  most  acid  magmas, 
and  especially  under  the  influence  of  mineralizers :  its  compo- 
sition, content  of  fluorine,  long  period  of  crystallization  from 
the  l)eginning  up  to  the  end  of  and  even  after  the  consolida- 

*  In  respect  to  the  cont-eptiuii  of  the  r61e  of  the  mineralizers  and  inclu- 
sions, tlieir  influence  at  the  time  of  conHolidation  of  the  magma,  the  form- 
ing of  schlieren  and  of  the  structure,  1  incline  toward  the  views  of  the 
French  petrologists.  None  the  less,  in  the  ideas  of  Prof.  E.  Weinschenk  I 
have  found  many  points  k  propos  to  these  views  ;  the  short  and  clear  chap- 
ters on  these  questions  in  his  book,  Gesteinskunde  I,  1902,  excite  my  hearti- 
est admiration. 
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tion  of  the  magmas;  its  occurrence  in  cavities  and  its  para- 
genesis  with  zircon,  pyrochlore,  fluorspar,  sulphides,  etc.;  its 
presence  as  large  crystals  in  pegmatites  in  immediate  relation 
with  veins  of  fluorspar  or  cryolite,  and  its  absence  in  non- 
eruptive  rocks,  are  many  facts  which  support  the  view  as  to  its 
origin  presented  in  this  paper. 

The  mineralizers  which  aid  to  produce  it  are  not  rich  in 
water  and  sulphur  vapors,  but  are  characterized  by  an  abund- 
ance of  Zr,  which  has  played  a  part  in  riebeckite  granite 
similar  to  that  of  Sn  in  cassiterite  granites.  Zircon  also  forms 
throughout  the  whole  period  of  consolidation.  One  can  cor- 
relate: tourmaline — Sn  ;  riebeckite  —  Zr  and  katoforite  (or 
another  soda  amphibole) — Ti. 

The  magma  has  been  fairly  rich  in  Al^O,,  Na^O,  and  K/), 
but  a  large  quantity  of  soda  and  iron  have  been  brought  in  by 
mineralizers  and  the  genesis  of  riebeckite  facilitated.  The 
occurrence  of  masses  and  small  areas  of  haematite  and  limon- 
ite,  around  or  across  the  inclusions  and  schlieren,  does  not 
come  from  secondary  alteration,  but  from  areas  which  at  the 
moment  of  consolidation  were  still  more  or  less  impregnated 
with  iron  compounds  and  water  vapors. 

Doubtless  new  upwellings  of  magma  and  of  mineralizers 
have  caused  some  transformations  in  the  minerals  already 
formed  m  the  riebeckite  and  aegirite,  but  needles  and  fibers 
of  crocidolite  could  be  formed  in  eruptive  rocks,  as  well  as  in 
metamorphic  schists,  as  a  phenomenon  of  piezocrystallization, 
which  is  quite  in  accord  with  the  process  which  1  have  here 
tried  to  sketch. 
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Art.  XIX. — PurpuHte^  a  new  Mineral;*   by  L.  C.  Graton 

and  W.  T.  Schaller. 

Introduction, 

In  the  central  portion  of  the  Carolinas  there  occurs  a  belt  of 
metamorphic  rocks  penetrated  by  narrow  dikes  of  pegmatite, 
many  of  which  contain  lithium  minerals.  There  can  be  little 
question  but  that  the  dikes  of  pegmatite  represent  the  final 
product  of  a  parent  magma  which  has  crystallized  as  granite 
and  appears  almost  continuously  along  the  extent  of  this  belt. 

Attention  was  first  directed  to  these  pegmatites  by  the 
discovery  of  cassiterite  in  them.  In  the  autumn  of  1904,  one 
of  the  writers  made  an  examination  of  these  tin  deposits  for 
the  U.  S.  Geological  Survey.  During  the  course  of  this  study, 
Mr.  J.  L.  Daniels,  superintendent  of  the  Faires  tin  mine  at 
Kings  Mountain,  Gaston  County,  N.  C,  called  attention  to  a 
purplish  material  encountered  within  a  few  feet  of  the  surface 
in  the  workings  of  that  mine.  Thanks  are  due  to  Mr.  Daniels, 
who  kindly  supplied  much  of  the  material  obtained.  Prelimi- 
nary examination  failed  to  identify  the  material  with  any 
known  mineral,  although  its  properties  seemed  to  be  those  of 
a  definite  crystalline  compound.  Chemical  analysis  shows  that 
the  material  is  a  new  mineral,  being  a  hydrous  manganic  ferric 
phosphate — the  only  manganic  phosphate  known. 

The  most  striking  feature  of  this  mineral  is  its  purple  or 
dark  reddish  color,  and  for  this  reason  it  has  been  named 
purpurite^  from  the  \Aiin  purpura^  purple  or  dark  red. 

Since  the  discovery  of  this  mineral  in  North  Carolina,  the 
same  mineral  has  been  noticed  on  some  specimens  from  San 
Diego  County,  California,  These  had  been  collected  by  one  of 
the  writers,  and  through  the  courtesy  of  Mr.  F.  M.  Sickler,  of 
Pala,  several  more  specimens  from  this  locality  have  been 
obtained.  They  are  from  one  of  the  lithium-bearing  pegma- 
tite dikes  on  Hiriart  Hill,  Pala,  San  Diego  County.  The 
mineral  occurs  with  triphylite,  and  possesses  the  same  purple 
color  as  the  North  Carolina  specimens.  Under  the  microscope, 
the  appearance  and  properties  of  the  mineral  from  the  two 
localities  are  identical.  There  is,  however,  not  enough  of  the 
California  material  for  chemical  examination. 

Occurrence  and  Physical  Properties ;  by  L.  C.  Graton. 

Tlie  mineral  purpurite  is  found  in  small  irregular  masses  in 
the  tin-bearing  pegmatite  dikes,  and  in  tlie  near-by  schist  at 
tiie  Faires  mine.     In  most  cases  it  occurs  in  narrow  lenses  or 

*  Pablisbed  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
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veinlets,  and  appears  to  have  been  deposited  from  solution  in 
cavities.  Occasionally,  however,  it  is  lound  in  the  midst  of  the 
pegmatite  as  if  it  were  an  original  mineral. 

The  question  of  the  origin  of  purpurite  is  one  of  interest. 
Pegmatite  dikes  believed  to  be  closely  related  to  the  tin-bear- 
ing dikes  carry  the  rare-earth  phosphate,  monazite.  Among 
the  primary  minerals  of  the  tin-bearing  pegmatites  are  cassi- 
terite,  tourmaline,  apatite,  spodumene,  lepiaolite,  and  a  yellowish 
brown,  lithia-bearing  phosphate  which  is  doubtless  lithiophilite. 
The  last  two  minerals  have  been  found  only  in  small  quantities. 
Partially  decomposed  specimens  of  this  pegmatite  frequently 
show  much  manganese  dioxide  as  thin  mammillary  coating  on 
the  other  minerals.  Ilmenite  is  often  included  in  crystals  of 
cassiterite.  It  is  evident,  therefore,  that  the  elements  manganese 
and  iron  (as  monoxides),  lithium,  and  phosphorus  (as  phosphate) 
were  primary  components  of  the  pegmatite  magma. 

The  mineral  presumed  to  be  lithiophilite  is  always  surrounded 
by  a  coating  of  black,  secondary  material.  In  one  case,  a  nar- 
row zone  of  purpurite  was  found  between  the  lithiophilite  and 
the  black  mineral.  It  is  believed  that  this  single  occurrence 
furnishes  the  explanation  of  the  origin  of  purpurite.  A  lithia- 
manganous-ferrous  phosphate,  probably  lithiophilite,  was 
attacked  by  oxidizing  solutions.  The  lithia  was  almost  wholly 
carried  away,  while  of  the  remaining  elements,  iron  and  man- 
ganese were  oxidized  to  the  state  of  sesquioxides  and  were 
recrystallized  with  the  phosphoric  acid  and  water  to  form 
purpurite.  The  trace  of  lithium  which  this  mineral  contains 
is  a  remnant  of  that  from  the  lithiophilite.  In  some  cases  the 
recrystallization  took  place  without  transportation  of  the 
materials,  forming  pseudomorphous  replacements,  but  in  gen- 
eral the  materials  were  carried  in  solution  to  cavities  and  there 
deposited. 

turpurite  is  probably  orthorhombic,  but  no  specimens  have 
been  found  which  show  crystal  outline.  A  cleavage  which  is 
probably  pinacoidal  is  of  rather  perfect  development,  but  the 
cleavage  surfaces  are  often  curved  as  if  the  orientation  of 
adjoining  grains  were  not  exactly  the  same.  A  second  cleav- 
age, presumably  at  right  angles,  is  considerably  less  distinct. 
The  mineral  has  an  uneven  fracture  and  is  rather  brittle.  It 
is  scratched  without  difficulty  by  the  knife,  but  on  the  other 
hand  just  scratches  fluorite,  and  hence  has  a  liardness  of  4-4*5. 
Mr.  Schaller  determined  the  ^specific  gravity  as  approximately 
3'15.  In  color  the  mineral  is  a  rich  deep  red  or  reddish  pur- 
ple, sometimes  with  a  slight  bronzy  iridescence,  and  not 
uncommonly  darker  on  the  cleavage  planes.  The  powder  and 
the  streak  have  a  decided  purple  or  deep  rose  color.  The 
mineral  has  a  peculiar  satiny  luster  or  sheen,  more  noticeable 
on  fracture  surfaces  than  on  cleavage  planes. 


!, 
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Althougli  transparent  in  very  thin  pieces,  the  ordinary  thin 
section  allows  the  passage  of  very  little  light  through  purpurite. 
The  colors  in  transmitted  light  are  very  beautiful.  Pleochro- 
isra  is  noticeable.  Parallel  to  the  cleavage  the  color  is  a  deep 
scarlet,  inclining  to  rose-red,  while  across  the  cleavage  the 
absorption  is  greater  and  the  color  becomes  a  beautiful  purple. 
This  absorption,  it  will  be  noticed,  is  similar  to  that  of  tourma- 
line and  a  few  other  minerals,  in  which  the  greatest  absorption 
is  at  right  angles  to  the  direction  of  cleavage  or  elongation. 
Extinction  is  generally  parallel ;  an  inclination  up  to  three  or 
four  degrees,  which  has  been  observed  in  a  few  instances,  has 
robably  been  due  to  the  orientation  of  the  sections  examined, 
t  may  be,  however,  that  the  mineral  is  monoclinic,  with  a 
very  small  extinction  angle.  Sections  which  were  transparent 
were  not  of  sufficient  size  to  give  an  interference  figure.  No 
sections  showing  the  intersecting  cleavages  were  seen,  and  in 
all  the  sections  examined  the  traces  of  the  cleavages  are  parallel 
to  the  direction  of  greater  elasticity  of  the  section ;  so  if  the 
mineral  is  biaxial,  the  intersection  of  the  cleavages  is  parallel 
to  a.  This  is  also  the  direction  of  least  absorption.  The 
refractive  index  is  somewhat  greater  than  that  of  Canada  bal- 
sam and  probably  lies  between  1*60  and  1*65.  The  difference 
of  the  inoices  or  the  double  refraction  is  high,  and  although  it 
could  not  be  measured  at  all  accurately,  is  probably  not  much 
below  '060.  One  effect  of  this  high  double  refraction  on  the 
very  thin  sections  examined  is  that  under  crossed  nicols  the 
mineral  appears  to  transmit  as  much  and  as  brilliant  light  as 
without  polarization.  The  red  interference  colors  are  very 
striking. 

The  purple  mineral  is  always  covered  or  surrounded  by  a 
greater  or  less  thickness  of  a  black  or  brownish  black  material 
of  pitchy  luster  and  uneven  or  sub-conchoid al  fracture.  This 
material,  which  is  soluble  in  hydrochloric  acid,  has  been  found 
by  Mr.  Schaller  to  contain  iron,  manganese,  phosphoric  acid, 
and  water.  Under  a  lens  the  black  material  can  be  seen  to 
encroach  upon  the  purpurite,  eating  in  along  the  cleavage 
planes  and  gradually  replacing  the  purple  mineral.  It  is 
undoubtedly  a  decomposition  product  of  purpurite  and  is  cer- 
tainly the  same  as  that  which  surrounds  the  supposed  lithiophi- 
lite.  Viewed  with  the  aid  of  the  microscope  it  appears  to  be 
a  definite  mineral,  having  an  imperfect  cleavage,  and  a  brown- 
ish yellow  color  in  transmitted  light.  Extinction  is  nearly  or 
Siite  parallel  to  the  cleavage,  and  the  trace  of  the  cleavage  is 
e  direction  of  least  refractive  index  of  the  sections  examined. 
Pleochroism  is  distinct  and,  as  in  the  case  witli  purpurite, 
absorption  is  greatest  across  the  cleavage.  The  index  of  refrac- 
tion is  greater  than  that  of  Canada  balsam,  and  the  double  refrac- 
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tion  is  probably  rather  high.  It  is  hoped  that  suflScient  of  this 
material  for  analysis  will  soon  be  obtained. 

The  occurrence  of  purpurite  in  material  collected  from 
California  by  Mr.  Schaller  throws  additional  light  on  the 
origin  and  association  of  this  mineral.  It  occurs  with  a  black 
material  which  appears  to  be  identical  with  that  described 
above,  and  both  are  undoubtedly  decomposition  products  of 
the  accompanying  triphylite,  the  iron-rich  member  of  the 
lithia-manganous-ferrous  phosphate  series,  of  which  lithiophi- 
lite  is  the  manganese-rich  end. 

The  small  number  and  rarity  of  minerals  containing  man- 
ganic oxide,  Mn,0„  may  be  due  to  the  relative  instability  of 
mat  base  in  comparison  with  manganese  dioxide. 

Chemical  Composition  ;  Waldemar  T.  Schaller. 

About  a  gram  of  pnre  material  was  separated  by  Mr.  Graton. 
This  was  divided  into  several  portions,  using  about  a  fifth  of  a 
gram  for  each  determination.  The  most  interesting  part  of 
the  analysis  was  to  determine  the  state  of  oxidation  of  the 
manganese.  When  the  mineral  is  treated  with  hydrochloric 
acid,  chlorine  is  readily  given  off.  The  manganese  present 
can  therefore  not  be  in  the  manganous  state,  and  the  absence 
of  ferrous  iron  and  the  presence  of  ferric  iron  suggested  that 
the  manganese  was  present  as  a  manganic  salt.  Such  was 
found  to  be  the  case. 

A  fifth  of  a  gram  was  dissolved  in  sulphuric  acid  with  a  known 
amount  of  ^ferrous  ammonium  sulphate.  All  precautions  were 
observed  to  avoid  the  presence  of  air,  the  entire  operation  being 
conducted  in  an  atmosphere  of  carbon  dioxide.  The  water 
used  had  been  boiled  and  cooled  out  of  contact  with  air.  Just 
before  the  iron  sulphate  was  introduced  into  the  flask  contain- 
ing the  mineral,  an  equal  quantity  was  removed  from  the  stock 
solution  and  titrated  with  permanganate.  Thus,  the  amount 
of  ferrous  iron  introduced  into  the  flask  with  the  mineral  was 
known.  After  the  mineral  had  been  decomposed  by  the  sul- 
phuric acid,  the  flask  was  cooled  and  the  solution  titrated,  the 
amount  of  iron  sulphate  oxidized  by  the  liberation  of  oxygen 
from  the  mineral  being  tietermined  in  this  way.  From  these 
data  the  amount  of  Mn^Oj  was  calculated  and  found  to  be 
30*47  per  cent. 

A  second  sample  was  decomposed  by  hydrochloric  acid  and 
the  chlorine  evolved  passed  into  a  solution  of  potassium  iodide. 
The  liberated  iodine  was  then  titrated  with  sodium  thiosul- 
phate,  the  latter  being  standardized  with  pure  copper.  Cal- 
culating from  the  results  obtained,  the  amount  of  Mn,0,  was 
found  to  be  27'93  per  cent.  Though  these  results  vary  some- 
what, yet,  considering   the   small   amount   of   material   used 
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(1/5  gram)  and  the  many  operations  necessary,  the  agreement 
is  as  close  as  could  be  expected.  The  average  of  the  two 
results  is  29*20  per  cent, 

A  direct  determination  of  tlie  total  manganese,  weighed  as 
anhydrous  sulphate,  gave  as  the  amount  of  Mn,0,  in  the  min- 
eral, 29*35  per  cent,  which  agrees  almost  exactly  with  the 
average  of  the  two  indirect  determinations. 

The  remaining  constituents  were  determined  as  follows:  A 
portion  of  the  mineral  was  dissolved  in  hydrochloric  acid  and 
a  known  weight  of  iron  added  (as  ferric  chloride).  A  basic 
acetate  separation  was  then  made,  boiling  tlie  solution  for  fif- 
teen minutes,  which  according  to  Bunsen  will  precipitate  all 
the  phosphoric  acid  with  the  iron  and  will  not  precipitate  any 
manganese.  The  precipitate  was  dissolved  in  hydrochloric  acid, 
and  reprecipitated  by  ammonia,  after  the  addition  of  some 
ammonium  chloride.  The  two  filtrates  were  united,  man- 
ganese precipitated  by  hydrogen  sulphide  and  finally  weighed 
as  anhydrous  manganese  sulphate.  Calcium  was  then  thrown 
out,  dissolved  and  reprecipitated  and.  magnesia  found  to  be 
absent.  The  iron-phosphate  precipitate  was  dissolved  in 
hydrochloric  acid  and  divided  into  two  portions.  In  the  one, 
the  iron  and  phosphoric  acid  were  precipitated  by  ammonia 
and  weighed.  This  was  then  fused  up  with  sodium  bisulphate 
and  tested  for  manganese  with  silver  nitrate  and  ammonium 
persulphate.  None  was  present.  In  the  second  portion,  the 
iron  was  reduced  by  hydrogen  sulphide  and  titrated  with  per- 
manganate. Phosphoric  acid  was  determined  in  the  usual  way 
and  a  second  value  obtained  by  the  difference  between  the  iron 
and  the  iron  plus  phosphoric  acid.  The  alkalies  were  deter- 
mined by  the  Lawrence  Smith  method.  The  final  solution  of 
chlorides  gave  a  strong  spectroscopic  test  for  lithium.  The 
water  below  105®  was  determined  directly,  using  a  toluene 
bath.  The  total  water  was  determined  directly  by  heating  in 
a  glass  tube  according  to  Pentield.  The  water  is  all  given  off 
at  a  low  temperature,  that  at  105°  being  given  off  very  readily, 
and  at  one  time.  Further  heating  at  105°  failed  to  remove 
any  more.     The  values  obtained  are  as  follows  : 

Av.  Batio. 

FeA 15-89,  15-89  1-03  ) 

Mn,0, 29-35,  30-47,   27-93  29*25  1-93)    ^  ^^ 

P,0^ 47-64,46-96  47-30  3-47 

H,0 5-26  5-26  304 

CaO 1-48  1-48           -27) 

Na,0 -84  -84           -14  j     '^^ 

Li,0 tr.  tr. 

Insol -52  -52 

100-54 
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The  amount  of  water  given  ofif  at  105**  is  3*31  per  cent.  As 
all  of  the  water  is  so  readily  given  off,  it  is  most  probably  pre- 
sent as  water  of  crystallization. 

Considering  that  the  calcium  and  soda  require  some  phos- 
phoric acid,  the  ratio  of  R'^jO, :  P,Oj :  H,0  is  approximately 
3:3:3.  Combining  the  ratio  of  the  calcium  and  sodium  with 
that  of  the  iron  and  manganese,  and  reducing  these  to  their 
hydrogen  equivalent,  the  ratio  becomes 

or  2[H,..,P„0,  J     +-92H,0. 

The  acid  is  therefore  H,PO^     The  formula  for  the   mineral 
then  becomes  R'^'.O, .  P,0,+n,0. 

It  is  not  known  in  just  what  state  of  combination  the  cal- 
cium and  sodium  are.  They  most  probably  represent  some 
slight  impurity.  If  the  manganic  and  ferric  oxides  are  iso- 
morphous  in  the  sense  that  manganous  and  ferrous  oxides  are, 
the  ratio  of  Mn,0,  to  Fe^O,  being  nearly  2 : 1  is  of  no  signifi- 
cance and  the  formula  then  should  not  be  written  Fe,0,. 
2Mn,0..  3PAt3HA  but  (Mn''',  Fe'"),0..  PA+H.O,  the 
inineral  purpurite  being  near  the  manganic  end  of  an  isomorph- 
ous  series  having  as  its  two  end  members : 

FeA.P,0,  +  H,0 

Mn,0,:P,0.  +  H,0. 

There  are  only  a  few  hydrous  phosphates  of  the  normal 
division  in  which  the  base  is  trivalent,  such  as  scorodite  and 
strengite.  All  of  these,  however,  contain  more  water  than  the 
mineral  here  described. 

AVhile  no  manganic  phosphates  were  noted  in  the  literature, 
there  are  a  number  of  arsenates  containing  Mn,0„  with  none 
of  which,  however,  can  purpurite  be  classed.  Synadelphite, 
llinkite,  arseniopleite,  and  perhaps  hematolite,  contain  Mn,0, 
with  A1,0,  or  Fe^O,,  while  in  durangite  and  arseniosiderite, 
]VIn,0,  is  reported  in  small  amounts. 

The  mineral  fuses  easily  and  readily  gives  off  water  in  a 
closed  tube  becoming yellowisli  brown.  It  is  readily  soluble  to 
a  clear  solution  in  hvdrochloric  acid,  while  in  nitric  acid  a 
black  oxide  of  manganese  separates  out.  The  specific  gravity 
determined  on  the  powdered  mineral  by  the  Thoulet  solution 
is  approximately  3*15. 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  Studies  with  the  Liquid  Hydrogen  aiid  Air  Calorimeters. 
I.  Specific  Heats;*  by  Sir  Jambs  Dewar. — "The  calorimeter 
employed  in  the  following  researches  was  similar  to  that  described 
in  my  paper  on  *  The  Scientific  Uses  of  Liqaid  Air,'f  and  in  an 
improved  form  in  Madame  Curie's  work  ^Recherches  sur  les 
Substances .  Radio- Actives,'  2d  edition,  p.  100.  A  sketch  of  the 
apparatus  appears  in  my  paper  on  *  The  Absorption  and  Thermal 
Evolution  of  Gases  Occluded  in  Charcoal  at  Low  Temperatures. 'J 

The  arrangement  employed  consists  essentially  of  a  large 
vacuum  vessel  capable  of  holding  2  or  3  liters,  into  which  is 
inserted  a  smaller  vacuum  vessel  of  25  to  50  c.c.  capacity  consti- 
tuting the  calorimeter,  the  latter  being  sealed  on  to  a  long  narrow 
tube  which  projects  from  the  mouth  of  the  exterior  vessel,  in 
which  it  is  lightly  held  by  a  loose  packing  of  cotton  wool.  A 
little  below  the  upper  end  a  branch  tube  is  taken  off  which  con- 
veys the  volatilized  gas  from  the  calorimeter  to  the  gas  receiver. 
To  the  extremity  of  the  projecting  tube  a  small  test-tube,  to  hold 
the  portions  of  substance  experimented  on,  is  attached  by  a  short 
piece  of  rather  wide  rubber  tubing  which  forms  naturally  a  mov- 
able joint  that  can  be  bent  into  any  position.  With  care  I  have 
found  this  valve  gives  as  good  results  as  more  elaborate  means  of 
securing  the  dropping  of  the  substances  into  the  calorimeter.  A 
small  vacuum  vessel  containing  solid  carbonic  acid,  liqaid  ethy- 
lene, liquid  air,  etc.,  into  which  the  test-tube  is  placed,  cools  the 
materials  to  different  temperatures  below  those  of  the  laboratory, 
or  alternatively  it  may  be  heated  in  the  vapour  of  water  or  other 
liquids." 

The  general  constants  for  liquid  gas  calorimeters  (here  omitted) 
show  that  "  an  instrument  in  which  liquid  air  is  used  has  twice 
the  sensibility  of  a  corresponding  one  in  which  liquid  ethylene  is 
employed,  whereas  the  substitution  of  liquid  hydrogen  for  liquid 
air  increases  the  delicacy  of  the  calorimeter  some  seven  times. 
It  is  easy  to  detect  the  tranfcrence  of  1/50  of  a  gram-calorie  in 
the  liquid  air  instrument,  whilst  1/300  of  a  gram-calorie  can 
be  similarly  observed  in  the  liquid  hydrogen  form  of  the  calori- 
meter." 

A  detailed  account  is  given  of  the  method  of  use  of  the  instru- 
ment and  also  of  the  various  sources  of  error.  Of  the  experi- 
ments described  the  following  results  were  obtained  foV  carbon 
in  the  form  of  diamond  and  of  graphite,  and  for  ice. 

*  Extracts  from  an  advanced  proof  (received  from  the  author)  of  a  paper 
read  June  8,  before  the  Royal  Society  of  London, 
f  Proc.  Roy.  Inst.,  1894,  vol.  xiv,  p.  JJ98. 
iProc.  Roy.  Soc,  1904,  vol.  Ixxiv,  p.  128. 
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Sabetance.  18*'to-78^  -78"to-188^  188*'to- 252''-5. 

Diamond    0-0704  0-0190  0-0043 

Graphite 0-1341  0-0599  00133 

Ice 0-463*  0-285  0-146 

**  It  appears  from  these  values  that  between  the  ordinary  tem- 
perature and  the  boiling  point  of  hydrogen  the  specific  heat  of 
the  diamond  has  been  reduced  to  1/19,  whereas  under  similar 
conditions  graphite  has  diminished  to  about  1/10.  Further  it 
will  be  observed  that  at  the  lowest  temperatures  the  specific  heat 
of  graphite  is  about  three  times  that  of  the  diamond.  It  is  also 
worthy  of  being  recorded  that  the  values  of  the  specific  heats  of 
diamond  and  graphite  taken  between  the  temperatures  of  liquid 
air  and  boiling  hydrogen  are  far  smaller  than  that  of  any  known 
solid  substance,  being  even  lower  than  that  of  any  gas  taken 
under  constant  volume." 

Another  table  gives  the  results  obtained,  at  temperatures 
extending  down  to  —188°,  for  the  specific  heats  of  various  sub- 
stance including  German -silver,  brass,  tellurium,  sulphur,  etc.,  to 
solid  carbon  dioxide,  solid  ammonia  and  solid  sulphur  dioxide. 
The  author  concludes  with  the  remark  that  '^  an  almost  endless 
field  of  research  in  the  determination  of  specific  heats  is  now 
opened,  in  which  the  use  of  liquid  air  and  hydrogen  calorimeters 
are  certain  to  become  ordinary  laboratory  instruments." 

2.  On  the  Thermo-electric  Junction  as  a  Means  of  Determin- 
ing the  ZtOtoest  Temperatures;  by  Sir  James  Dewar.! — "The 
inconvenience  of  using  the  gas  thermometer  at  very  low  temper- 
atures and  the  failure  of  platinum  and  other  metal-resistance 
thermometers  within  30°  or  40°  of  the  absolute  zero,  led  me  some 
years  ago  to  consider  the  experimental  behavior  of  the  thermo- 
electric junction  at  the  lowest  temperatures.  My  special  object 
at  the  time  the  experiments  were  made  was  to  have  a  further 
confirmation  of  the  melting  point  of  hydrogen,  and  also  of  the 
lowest  temperature  reached  on  exhausting  solid  hydroajen,  other 
than  that  I  had  found  by  means  of  the  hydrogen  gas  thermome- 
ter. J  The  results  have  remained  unpublished,  because  ray  inten- 
tion has  always  been  to  extend  them  to  other  thermo-electric 
combinations.  Not  having  been  able  to  accomplish  this  project, 
they  are  now  abstracted  as  affording  useful  information  in  this 
field  of  investigation,  and  as  furnishing  a  general  confirmation  of 
my  previous  investigations. 

A  German-silver  platinum  couple  was  selected  as  likely  to  give 
the  most  uniform  results  at  low  temperatures,  although  subse- 
quent experiments  have  led  to  the  conclusion  that  it  would  have 
been  better  to  have  replaced  the  platinum  by  gold.  As  regards 
resistance  thermometers,  I  have  shown  that  gold  is  more  reliable 

♦This  from -18Uo  -78°. 

f  Extracts  from  an  advance  proof  (received  from  the  author)  of  a  paper 
read  Jane  8  before  the  Royal  Society  of  London. 

X  The  Boiling  Point  of  Liquid  Hydrogen,  determined  by  Hydrogen  and 
Helium  Gas  Thermometers,  Proc.  Roy.  Soc,  vol.  Ixxviii,  1901. 
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than  platinum  at  temperatures  near  the  boiling  point  of  hydro- 
gen.* The  difficulties  of  the  investigation  were  considerable: 
It  had  to  be  carried  out  at  the  time  in  the  neighborhood  of  the 
machinery  producing  the  liquefied  gases  required  in  the  investi- 
gation, namely,  oxygen,  nitrogen,  and  hydrogen,  so  that  the  zero 
of  the  delicate  galvanometer  employed  did  not  remain  quite  con- 
stant. To  remedy  this  I  inserted  a  rocking  make-and-break  in 
order  to  get  the  readings  of  each  observation  at  both  ends  of  the 
scale.  In  the  process  of  removing  on«  difficulty  another  pre- 
sented itself,  through  the  development  of  small  but  appreciable 
thermo-electric  currents  in  the  rocker.  Precautions  had  to  be 
taken  against  these  and  at  all  other  metal  junctions  against 
similar  small  thermo-electric  currents,  and  it  was  even  found 
necessary  to  have  a  correction  on  account  of  the  resistance  box, 
inserted  in  the  circuit  to  bring  large  readings  within  the  limits  of 
the  scale.  The  galvanometer  and  resistance  box  were  inserted  in 
the  German-silver  branch  of  the  couple,  the  points  of  junction  of 
the  copper  leads  with  the  German  silver  ends  of  the  couple  being 
insulated  and  placed  close  together  within  a  vacuum  test-tube 
packed  with  cotton  wool  to  ensure  equality  of  temperature. 

Preliminary  experiments  showed  that  the  junctions  altered  after 
having  been  subjected  to  the  temperature  of  liquid  hydrogen. 
However,  on  re-soldering  the  junctions  with  hard  silver  solder 
instead  of  soft  solder,  the  thermocouple  accurately  repeated 
observations  at  the  temperature  of  liquid  oxygen,  after  having 
passed  through  a  liquid  hydrogen  bath.  From  this  it  appears 
that  all  such  couples  before  calibration  ought  to  be  cooled  sud- 
denly in  liquid  air  and  then  rapidly  heated  to  the  ordinary  tem- 
perature, a  similar  operation  being  repeated  with  liquid  hydrogen. 
If  the  couples  return  to  their  original  state  after  such  abrupt 
changes  of  temperature,  then  they  are  in  a  tit  state  for  calibration. 

Three  series  of  observations  were  made  to  determine  whether 
the  resistance  of  the  junctions  varied  to  a  noticeable  extent  with 
the  temperature,  namely,  at  the  freezing  point  of  water,  at  the 
boiling  point  of  oxygen,  and  at  the  boiling  point  of  hydrogen.  Six 
very  concurrent  observations  with  varying  resistances  in  the  resis- 
tance box  were  made  between  0°  C.  and  15°  C.  These  were  reduced 
by  the  method  of  least  squares,  and  gave  for  the  resistance  of  the 
circuit  3*500  ohms.  Five  similar  results  between  the  melting 
point  of  nitrogen  and  the  boiling  point  of  oxygen  gave,  by  least 
squares,  3-293  ohms.  Only  two  observations  were  taken  in  liquid 
hydrogen,  which  are  therefore  not  entitled  to  the  same  weight  as 
those  already  given,  but  the  resistance  appeared  again  about  3*3 
ohms.  As  the  variation  of  the  resistance  of  the  circuit  was  so 
slight,  an  attempt  was  made  to  reduce  the  results  on  the  assump- 
tion of  constancy,  but  this  was  not  satisfactory.  However,  on 
treating  the  variation  of  the  resistance  of  the  circuit  as  linear 
with  the  temperature,  the  data  came  into  better  agreement. 

*6akerian  Lecture,  **The  Nadir  of  Temperatnre  and  Allied  Problems,*' 
Proc.  Roy.  Soc.,  vol.  Ixviii,  1901. 
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The  following  table  contains  the  details  of  the  observations 
made  with  the  silver  soldered  Germ  an -silver  platinum  couple,  the 
recorded  readings  of  the  galvanometer  being  the  means  of  several 
observed  readings,  corrected  when  necessary  for  resistance  intro- 
duced into  the  circuit : — 


No. 

of 

expt. 


Snbstances  xiBed  for 

difference 

of  temperature. 


abfiolnte 
temperatures. 


r*  I*      ■     Mean  Mean 

^°':f^^l'°«     absolute    galvano- 

temper-   ■•    meter 
ature.     {  reading. 


d'RIdt. 


Water  of  15°  and  ice 
Boiling  carbonic  SKiid 

and  ethylene 

Boiling    ethylene    at 
i     10™"  and  oxygen.. 

4  {Boiling   oxygen    and 

nitrogen 

5  I  Boiling  nitrogen  and 
'     melting  nitrogen,. 

6  I  Boiling  hydrogen  and 
melting  nitrogen.. 

Boiling  hydrogen  and 
melting  hydrogen. 
8    Boiling  hydrogen — 
solid    hydrogen 
about  20"'™ 


280°,  273' 


280f 


195,    170  182i 

123^,    90^  '      107 


90^,  77i 

77J,  62i 

62i,  20i 
20^,     ? 

20i,      ? 


84 


70 


41* 


? 


463-2 
693-5 
724-0 
279-0 
320-7 
623-5 
51-0 

64-0 


30-88 
27-74 
21-94 
21-46 
21-38 
14-84 


where  c?E/e?^  is  the  quotient  of  the  mean  galvanometer  reading 
by  the  difference  of  the  temperatures  in  the  third  column. 

On  plotting  the  first  six  of  these  results  the  Ist,  2d,  and  6th 
and  means  of  the  other  three,  viz.,  c/E/c?^  =  21*59  at  ^=.  87°,  lie 
nearly  on  a  continuous  curve.  The  continuity  of  the  curve,  with- 
out any  approach  to  abrupt  change  of  form,  even  in  the  region  of 
liquid  hydrogen,  shows  that  a  silver-soldered  German-silver  plat- 
inum couple  is  an  efficient  instrument  for  the  determination  of 
the  lowest  temperatures  hitherto  reached." 

A  detailed  discussion  of  the  four  sets  of  observations,  Nos.  3, 
4,  5,  6,  follows,  with  the  results  given  below  ;  those  from  Nos.  5 
and  6  are  probably  the  most  accurate. 

"The  general  results  with  the  German-silver  platinum  junction 
may  be  summarized  in  the  following  table,  the  typical  equation 
being  d^ldt  =  m  +  wT. 


Source  of  constants.  m 

(3)  and  (6) 12-52 

(4)  and  (6) 11-49 

h)  and  (6) 9-931 

Graphically 10-2 

Mean 


n 

Melting  point 
of  hydrogen. 

Solid  hydrogen 
exhausted. 

0-108 

16°-4 

15°-27 

0-158 

15°-9 

14°-7 

0-231 

15°-0 

13°-5 

0-167 

15°-5 

14°-15 

15°-7 


14°-4 
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It  18  added  that  in  the  paper  on  liquid  hydrogen,  already  referred 
to,  the  temperatures  obtained  by  the  hydrogen  gas  thermometer 
for  the  boiling  point  of  hydrogen  and  the  solid  under  exhaustion 
were  19°'63  and  J4°*34  respectively.  Finally  it  is  concluded  that, 
''at  as  low  a  temperature  as  6°  absolute,  the  sensibility  of  this 
couple  is  still  half  what  it  was  at  20^°  absolute,  and  therefore 
that,  unless  some  absolute  breakdown  in  the  law  connecting  elec- 
tromotive force  and  temperature  below  14°  takes  place,  it  must 
continue  to  be  an  excellent  thermometer,  and  will  record  temper- 
rature  with  considerable  accuracy  down  to  the  boiling  point  of 
helium,  which  is  about  6°  or  6°  degrees  absolute." 

II.    Geology. 

1.  Geology  of  the  Vicinity  of  Little  FallSy  Herkimer  County ; 
by  H  P.  Gushing.  Bull.  77,  New  York  State  Mus.,  1906,  pp. 
96,  pis.  1-16,  and  topographic  and  geologic  maps. — Mr.  Cushmg 
here  gives  an  account  of  the  geology  of  one  of  the  most  inter- 
esting regions  in  New  York.  In  this  presentation  he  does  not 
limit  himself  to  the  area  of  his  map,  but  notes  as  well  the  general 
geology  of  the  Adirondack  region,  thus  setting  forth  in  a  philo- 
sophical manner  the  historical  events  which  have  taken  place  in 
northeastern  New  York. 

The  author  states  that  the  Adirondacks  formed  a  low-lying 
land  when  the  Potsdam  sea  encroached  upon  it.  "  It  is  possible 
that  a  small  area  may  have  pei-sisted  above  sea  level  throughout 
[to  the  close  of  Utica  time],  though  it  is  not  likely,  and  in  any 
case  it  was  very  small."  The  southern  part  of  the  Adirondack 
mass  was  the  last  to  pass  beneath  the  sea.  The  Potsdam  is 
thickest  on  the  northeast  border,  thinning  out  both  westward  and 
southward  ;  it  is  not  known  on  the  south  side  about  Little  Falls. 
Upon  the  Potsdam  along  the  eastern  side  was  laid  the  Beekman- 
town  limestone,  but,  according  to  the  reviewer,  it  is  <}uestionable 
whether  the  so-called  Beekmantown  of  the  southern  exposure  is 
of  the  same  age.  These  southern  dolomites  are  450  feet  thick  at 
Little  Falls,  but  diminish  to  "  nearly  or  quite  zero  at  the  northern 
limit  of  the  sheet."  Upon  this  formation  in  both  areas  follow 
the  limestones  of  the  Mohawkian  series  and  then  the  Utica 
shales.  At  the  top  of  the  Utica  "the  present  Adirondack  region 
was  either  wholly  submerged  or  else  so  nearly  so  that  only  a  few 
small  islands  were  left  protruding  above  the  water,"  This  is  not 
the  generally  accepted  view  and  the  occurrence  of  Potsdam 
within  the  Adirondack  mass  will  have  to  be  explained  as 
depressed  iault-blocks. 

"  Following  the  deposition  of  the  Utica  formation  came  a 
movement  of  disturbance  and  uplift  of  the  region  on  the  north- 
east and  east.  This  apparently  raised  the  present  Champlain 
valley  and  northern  Adirondack  region  above  sea  level,  while  the 
southern  portion  was  not  affected  and  remained  submerged.  .  .  . 

"  Quite  possibly  the  first  faulting  of  the  region  took  place  at 
the  close  of  the  Lower  Silurian  coincidentlv  with  the  Taconic 
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disturbance.  .  .  .  The  Little  Falls  fault  has  a  throw  of  nearly  or 
quite  800  feet  at  Little  Falls." 

One  of  the  most  interesting  problems  sugcrested  by  this  bulletin 
is — What  is  the  relation  of  the  so-called  Beekmantown  forma- 
tion of  this  Little  Falls  region  to  the  true  Beekmantown  of  the 
Champlain  valley  ?  The  author  shows  how  these  dolomites  over- 
lap and  disappear  northward  over  the  Adirondack  mass.  "  Nor 
does  the  basal  bed  at  Little  Falls  appear  to  represent  the  real 
base  of  the  formation,  deep  well  records  to  the  west  seeming 
to  indicate  an  increased  thickness  in  that  direction."  The 
sequence  of  the  Upper  Cambrian  and  the  succeeding  dolomites 
of  the  Great  Interior  Sea  apparently  denote  continuous  deposition 
and  show  that  the  dolomites  along  the  south  side  of  the  Adiron- 
dacks  are  those  of  a  shallow  sea,  with  a  sparing  fauna.  Their 
age  is  probably  closely  connected  with  the  Cambrian  and  is 
doubtless  older  than  the  Beekmantown  of  the  Lake  Champlain 
area.  The  faunas  of  the  two  areas  are  widely  different,  that  of 
the  Lake  Champlain  district  being  a  normal  marine  one  abound- 
ing in  large  cephalopods  and  gastropods,  hardly  any  of  which 
are  found  in  the  Mohawk  valley.  Again,  the  sequence  varies 
greatly  in  the  two  areas,  as  in  the  Lake  Champlain  region  the 
Beekmantown  is  followed  by  the  Chazy,  while  in  the  Mohawk 
valley  the  Lowville  reposes  on  the  so-called  Beekmantown  dolo- 
mites. On  the  northeast  side  of  the  Adirondacks  the  Paleozoic 
section  is  at  least  3000  feet  thicker  than  in  the  Mohawk  valley. 

c.   8. 

2.  Geology  of  the  VTaikins  and  Elmira  Quadrangles,  accom- 
panied by  a  geologic  map;  by  John  M.  Clarke  and  D.  Dana 
LuTUEK.  Bull.  81,  New  York  State  Mus.,  1905,  pp.  1-29,  with 
a  map  and  a  section. — This  Bulletin  describes  in  detail  the  Upper 
Devonian  strata  of  these  quadrangles,  with  considerable  notation 
of  the  occurrence  of  the  faunules  of  the  following  horizons  : 


Chatauquan 


Neodevonian  -{ 


Senecan < 


I 


Feet. 

(  Chemung  sandstone  and  shale  800 

(  Prattsburg  shale 250 

''High  Point  sandstone 85 

West  Hill  flags  and  shale. --  315 

Grimes  sandstone 75 

Hatch  shale  and  flags 440 

Khinestreet  black  shale 1 

Parrish   limestone,   in  the 

Cashaqua  shale 207 

West  River  shale 35 

Genundewa  limestone 1 

Genesee  shale 6  + 


Much  detail  is  presented  in  regard  to  the  distribution  of  the 
characteristic  Naples  or  black  shale  fauna  and  its  interlocking 
but  rarely  commingling  with  the  eastern  or  Ithaca  fauna.  The 
latter  is  a  direct  outgrowth  of  the  Hamilton,  as  may  be  seen  from 
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Bulletin  82,  reviewed  below.  The  eastern  or  Ithaca  fauna  appears 
for  the  first  time,  but  sparingly,  in  the  lower  portion  of  the 
Cashaqua  shale,  as  far  west  as  the  region  about  Watkins  Glen, 
and  there  are  several  alternations  of  this  fauna  with  the  Naples 
in  the  higher  Hatch  shale.  The  Iowa  Lime  creek  fauna  of  32 
species  has  its  only  occurrence  near  the  middle  of  the  High  Point 
sandstone,  while  Spirifer  diajunctua,  apparently  a  migrant  also 
from  the  west  or  southwest,  is  seen  for  the  first  time  in  the  Gen- 
esee valley,  in  the  lower  portion  of  the  Prattsburg  shale.  "  The 
horizon  of  Spirifer  di^itnctns  follows  close  on  the  change  from 
the  Naples  fauna  in  western  New  York  at  a  high  altitude  above 
the  base  of  the  Portage  formaticm.  In  central  New  York  there 
is  no  such  change,  but  the  gradation  from  the  Ithaca  fauna  out 
of  the  Hamilton  fauna  upward  into  the  association  which  carries 
species  elsewhere  concurrent  with  Sp,  diajunctus  is  very  easy, 
and  it  is  extermely  difficult  to  draw  a  division  plane  anywhere 
except  on  the  basis  of  refined  distinctions  into  successive  faunules. 
Spirifer  disjunctm  in  this  eastern  region  did  not  appear  till  this 
period  of  '  Chemung '  deposition  was  well  nigh  over."         c.  s. 

3.  Geologic  Map  of  the  TuUy  Quadrangle;  by  John  M. 
Clarke  and  D.  Dana  Luther.  Bull.  82,  New  York  State  Mus., 
1906,  pp.  35-70,  with  map. — This  Bulletin  describes  the  follow- 
ing formations : — 


Neodevonian       Senecan 


^  Ithaca 

I  Portage 
Genesee 
\Tully 


Mesodevonian 


Erian 


Ulsterian 
Oriskanian 


\ 


Hamilton 


Paleodevonian 


^  Marcellus     \ 

Onondaga 
Oriskany 


Helderbergian     Helderberg  •< 


Man  I  i  us 


Silurian 


Cayugan 


\ 

I  Sali 


Salina 


Feet. 
Ithaca  flags  and 

sandstones  450 

Sherburne  flags  210 
Genesee  shale  75 

Tully  limestone  23 

Moscow  shale  180 

Ludlowville  shale  350 
Skaneateles  shale  335 
Cardiff  shale  175 

Marcellus  shale  100 
Onondaga  limestone  65 
Oriskany  quartzite  6 
New  Scotland 

limestone  and 
Coey  mans  limestone  40 
Manlius  limestone  74 
Rondout  dolomite  40 
Cobleskill  dolomite  6 
Bertie  dolomite  15 

Camillus  shale  40 


The  evidence  regarding  the  presence  of  the  New  Scotland  in 
this  area  is  not  convincing.  As  tbe  present  writer  did  not  find  this 
formation  to  the  east,  about  Litchfield,  it  appears  to  him  more 
probable  that  the  New  Scotland  does  not  occur  in  the  Tully 
quadrangle. 
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Dr.  Clark  adds  a  chapter  od  the  '^  Ithaca  fauna  of  Central  New 
York,"  and  lists  199  species  collected  by  Mr.  Luther  from  80 
stations.  Of  these  forms,  not  less  than  106  occur  beneath  the 
top  of  the  Tully,  abundantly  confirming  the  statement  of  the 
author  that  ^Hhe  fauna  in  point  of  number  is  prevailingly  affil- 
iated to  that  of  the  Hamilton." 

The  leading  Hamilton  species  commonly  found  at  these  stations 
are  the  following :  Phacops  rana^  Pleurotomaria  sulcomarginata, 
Actinopteria  boydi,  Glyptodesma  erecturriy  Modiomorpha  concen- 
tricaj  Jf,  mytiloides^  Orammyaia  bisulccUay  Cimitaria  recurva^ 
Microdon  bellistriatus,  JVticulites  oblongatus,  Nucida  bellistriatay 
Palceoneilo  emarginata,  Paracyclas  lirata^  Rhipidomella  vanitx- 
eniiy  Spiirifer  mucronatuSy  Cyrtina  hamiltonensiSy  Camarotcechia 
co'ngregata  and  Tropidoleptua  carinatus,  c.  s. 

4.  Contribution  to  the  Paleontology  of  the  Martinez  group  ; 
by  Charles  E.  Weaver.  Univ.  California  Pub.,  Bull.  Dept. 
Geol.,  pp.  101-123,  pis.  12,  13,  date  of  printing  not  given. — This 
Eocene  fauna  consists  of  67  species.  Of  these  18  are  new  and 
with  3  others  are  described  and  illustrated. 

**The  fiiartinez  represents  a  distinct  division  of  time  in  the 
geological  history  of  California.  It  contains  a  fauna  distinct 
from  both  the  Chico  and  the  Tejon.  Od  the  average  it  is  com- 
posed of  about  two  thousand  feet  of  thick-bedded  sandstones, 
together  with  some  shales,  thin-bedded  sandstones  and  conglom- 
erates. ...  Its  position  in  the  geological  scale  seems  to  corre- 
spond most  closely  to  a  portion  or  all  of  the  lower  quarter  of  the 
Eocene." 

"  There  was  probably  no  direct  faunal  connection  between 
India  and  the  Western  Coast  of  North  America  in  Martinez 
times.  .  .  .  The  evidence  seems  also  to  point  to  the  fact  that 
during  this  period  the  Martinez  seas  were  isolated  from  the 
regions  of  the  southeastern  United  States."  c.  s. 

5.  Faune  cambrienne  du  Haut-Alemtejo  (Portugal);  par  J. 
F.  NsBY  DsLOADO.  Comm,  Serv.  Geol.  du  Portugal,  v,  1904, 
pp.  307-374,  pis.  1-6. — This  work  describes  a  very  interesting 
Li)wer  Cambrian  fauna.  It  is  especially  noteworthy  because  of 
an  abundance  of  bivalve  shells  of  which  9  species  are  described, 
whereas  in  North  America  the  Olenellus  fauna  is  known  to  have 
but  2  species  and  but  one  of  these  is  common. 

The  author  regards  this  fauna  as  probably  Lower  Cambrian; 
from  a  survey  of  the  genera  adopted,  however,  his  readers  would 
be  perplexed  to  know  to  what  age  these  beds  should  be  referred, 
were  it  not  for  the  good  photographic  plates  illustrating  the 
species.  Paradoxides  choffati  is  clearly  an  Olenellus.  The  several 
species  (9)  of  Hicksia  are  very  suggestive  of  Lower  Cambrian 
Solenopleura  and  especially  of  a  form  found  at  York,  Penn.  Of 
Alicrodiscus,  the  author  describes  5,  but  M,  caudatuSy  M,  subcau- 
datuSy  and  M,  wenceslasi  must  be  placed  under  a  new  genus, 
because  they  have  dorsal  eyes  and  a  caudal  spine.  As  M.  souzai 
and  M.  tooodtoardi  have  eyes,  they,  too,  should  be  referred  to 
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another  genus.  It  "may  be  best  to  erect  a  new  genus  with  M. 
woodwardi  as  the  genoholotype,  and  a  new  subgenus  with  M, 
cmidatus  as  the  type  species. 

The  Pelecypoda,  as  far  as  their  generic  reference  is  concerned, 
are  very  inadequately  treated.  One  is  referred  to  Posidonomya  ?, 
2  to  Modiolopsis,  1  to  Synek  ?,  3  to  Davidia,  and  I  to  Ctenodonta. 
While  these  names  may  indicate  the  types  of  pelecypods  repre- 
sented, yet  it  is  safe  to  state  that  a  careful  study  will  show  that 
all  belong  to  other,  probably  new  genera.  The  species  are  small 
and  thin-shelled.  In  a  conversation  with  Professor  Verrill  he 
concluded  that  all  these  Lower  Cambrian  bivalves  were  probably 
free-swimming  forms. 

The  brachiopods  are  also  very  unsatisfactorily  referred  gener- 
ically,  and  the  illustrations  are  inadequate  for  more  accurate 
determination. 

This  fauna  of  Portugal  is  certainly  of  Lower  Cambrian  age, 
and  while  it  has  relationship  with  that  of  York,  Penn.,  yet  in  its 
trilobites  and  especially  in  its  pelecypods  it  has  a  faunal  facies 
entirely  distinct  from  any  American  Lower  Cambrian  fauna. 

c.  s. 

6.  Parapfiorhynchus^  a  new  genua  of  Kinderhook  Brachio- 
poda ;  by  Stuabt  Weller.  Trans.  Acad.  Sci.  St.  Louis,  xv, 
1905,  pp.  259-264,  pi.  1. — This  rhynchonelloid  form  has  the  inte- 
rior generic  characters  of  Camarotoechia,  with  the  exterior  of 
Pugnax,  to  which  is  added  a  finely  striated  surface  of  the  shell. 
The  genoholotype  is  Paraphorhynchus  elongatuniy  sp.  nov.  Other 
species  are  P,  tranaversum^  sp.  nov.,  IthyyichoneUa  striatocostata 
Meek  and  Worthen,  P.  medialia  Simpson,  and  R,  striata  Simpson. 

c.  s. 

7.  Sympterura  Minveri,  n.  g,  et  sp. :  a  Devonian  Ophiurid 
from  Cornwall;  by  F.  A.  Bather.     Geol.  Mag.,  II,  1905,  pp. 

161-169,  pi.  6. — Ihis  important  paper  describes  in  detail  the 
skeleton  of  this  brittle-star.  The  description  is  followed  by  a 
learned  interpretation  of  the  parts  of  the  organism  and  their  rela- 
tion to  other  ophiurid  structures.  c.  s. 

8.  The  ancestral  origin  oftlie  North  Americati  Uhio7iid(jBy  or 
fresh-water  Mussels  ;  by  Chakles  A.  White.  Smithsonian  Misc. 
Coll.  (Quarterly  Issue),  June,  1905,  pp.  75-88,  pis.  26-31. — After 
a  long  silence  in  Paleontology,  Dr.  White  returns  to  a  group  of 
shells  on  which  he  has  often  worked. 

The  oldest  American  Unionidae  occur  in  the  Triassic.  They 
"  are  all  of  simple  form,  and  none  of  them  exhibits  distinctive 
prototypal  relationship  to  the  living  Mississippi  River  fauna." 
Of  Jurassic  species,  but  seven  are  known  and  none  of  these 
appears  to  be  directly  related  to  the  living  shells.  Toward  the 
close  of  the  Cretaceous,  "the  family  received  an  extraordinary 
development"  and  increased  its  diversity.  In  the  Laramie 
strata  are  found  the  greatest  number  of  species  of  Unio  having 
prototypal  features  connecting  them  with  existing  species  in  so 
marked  a  manner  "  that  Professor  Whittield  has  given  names  to 
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the  fossil  forms  [three]  which  are  only  modifications  of  the  names 
of  the  living  forms  which  they  so  closely  resemble."  In  the 
Tertiary  all  connecting  forms  are  absent,  but  the  author  explains 
that  the  Cenozoic  species  thus  far  found  are  plain  types  such  as 
are  now  obtained  only  in  still  waters  or  lakes.  "  The  more  diverse 
and  ornamental  forms  of  living  Uniones  occupy  fluviatile,  or 
other  running  or  moving  waters.  None  of  the  deposits  contain- 
ing the  Tertiary  Uniones  referred  to  gives  any  inherent  evidence 
of  having  been  formed  in  fluviatile  or  estuarine  waters." 

"  Fresh-water  gill-bearing  faunas  have  as  certainly  descended 
genetically  through  successive  geological  ages  to  the  present  time 
as  have  marine  faunas.  .  .  .  There  has  never  been  any  intermission 
of  such  continuity  because  the  fresh-water  supply  has  never 
failed,  and  because,  as  a  rule,  rivers  have  been  among  the  most, 
persistent  of  the  earth's  surface  features."  c.  s, 

9.  7%6  ThcUattosauriay  a  group  of  marine  reptiles  from  the 
TrioBsic  of  CdLifomia  ;  by  John  C.  Merriam.  -  Mem.  California 
Acad.  Sci.,  V,  1905,  pp.  1-52,  pis.  1-8. — During  the  past  three 
years  the  Geological  Department  of  the  University  of  California 
has  been  collecting  the  remains  of  the  marine  reptiles  from  the 
Upper  Triassic  of  Shasta  county.  From  the  fact  that  both  are 
black,  the  material  is  very  difficult  to  clear  from  the  matrix,  the 
latter  being  a  shaly  limestone. 

This  memoir  describes  in  detail  the  skeletal  structure  of  the 
Thalattosanridie,  comprising  the  genera  Thalattosaurus  ( 2!  alex- 
andrcB,  T,  shastensis  sp.  nov,,  T,  perrini  sp.  nov.)  and  Nectosau- 
ru8  gen.  nov.  {N,  halius  sp.  nov.).  The  pen  and  ink  illustrations 
are  good. 

"The  Thalattosaurs  represent  an  early  adaptation  to  marine 
conditions  of  that  division  of  the  Reptilia  which  has  persisted  in 
measurably  primitive  form  in  the  Rhynchocephalia.  During  the 
early  history  of  that  group  it  gave  rise  to  a  numerous  company 
of  forms  taking  quite  divergent  paths  in  their  evolution.  Of  the 
older  orders  only  the  Proganosauria  were  aquatic.  They  appear, 
however,  to  have  been  limited  to  fresh  water.  The  Thalattosaurs 
are  evidently  the  marine  representatives  of  this  great  rhyncho- 
cephalian  or  diaptosaurian  group."  c.  s. 

10.  7%e  Geology  of  Littleton,  New  Hampshire ;  by  C.  H. 
Hitchcock.  Pp.  38,  2  plates  and  map.  Reprinted  from  History 
of  Littleton,  1905. — This  paper  brings  together  all  that  is  known 
in  regard  to  the  geology  about  Littleton,  including  the  recently 
published  article  by  Hitchcock  (Bulletin  Geol.  Soc.  America). 
The  strata  present  are  referred  to  the  Quaternary,  Helderberg, 
Silurian,  Lower  Silurian  or  Cambrian,  and  eruptives.  In  an  appen- 
dix, Mr.  Avery  E.  Lambert  describes  a  new  trilobite,  Dalmanites 
lunatus,  with  notes  on  other  fossils  from  the  Littleton  area.     c.  s. 

11.  Vorschule  der  Geologie  /  von  Johannes  Walther.  Pp. 
144,  and  98  original  text  figures.  Jena,  1905. — This  very  inter- 
estingly written,  simply  stated,  and  well  printed  little  book  on 
elementary  geology  is  intended  for  beginners  in  geology.     They 
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are  led  to  observe  nature  for  themselves  and  are  shown  how  to 
determine  the  stratigraphic  sequence  in  the  profiles  leading  up  to 
map  making.  Comparative  stratigraphy  and  historical  geology 
are  not  here  considered. 

There  are  18  chapters,  as  follows  :  1.  Introduction  ;  2. 
Geological  exposures  ;  3.  Weathering  (physical,  chemical,  and 
organic);  4.  Results  of  weathering ;  6.  Kinds  of  rocks ;  6.  Rock- 
clefts  or  joints ;  7.  Subterranean  waters  and  springs ;  8.  Infiltra- 
tion of  joints  and  caves  ;  9.  Flowing  waters  ;  10.  Standing  waters; 
11.  Sea-shore;  12.  Mountains  and  hills;  13.  Deformation  and 
earthquakes  ;  14.  Plutonic  appearances  ;  15.  Volcanic  activity  ; 
16.  Stratigraphic  sequence ;  17.  Maps;  18.  Chronological  sequence. 

The  book  is  distinguished  for  two  things  :  The  "  Aufgaben  " 
and  the  many  clear  and  well-drawn  diagrams  of  geological  struc- 
tures. At  the  end  of  each  chapter,  under  **  Aufgaben,"  the 
student  is  directed  how  and  where  to  look  for  the  things 
described.     There  are  110  of  these  lessons.  c.  s. 

1 2.  Die  Moore  der  Schweiz  mit  BerUcksicfUigung  der  gesamnUen 
Moorfrage ;  von  Dr.  J.  Fruh  und  Dr.  C.  Schboter.  Heransge- 
geben  von  der  geologischen  Kommission  der  Schweiz-Natur- 
forschenden  .Gesellschaft.  Preisschrift  der  Stiftnng  Schnyder 
von  Wartensee.  Pp.  76 1 ,  5  plates,  figures  in  texU  Bern,  1904. — 
This  voluminous  quarto  report  comprises  a  most  elaborate  treat- 
ment of  swamps  and  peat-bogs,  particularly  in  regard  to  those  of 
Switzerland.  Dr.  FrUh,  professor  of  geography,  and  Dr.  Schrdter, 
professor  of  botany,  at  the  Polytechnikum  at  Zurich,  have  com- 
bined in  a  most  thorough  manner  the  knowledge  concerning 
these  deposits  from  the  point  of  view  of  geography,  climatology, 
and  botany.  The  first  part  of  the  work  deals  with  vegetal 
deposits  now  making  in  northwestern  and  central  Europe  and  in 
a  general  way  with  those  of  other  districts,  with  reference  to  the 
classification  of  the  deposits  and  an  analysis  of  all  the  conditions 
which  affect  the  growth  of  the  plants  and  the  accumulation  of 
vegetal  deposits.  The  second  part  of  the  work  is  devoted  to  a 
detailed  description  of  local  deposits  within  the  confines  of  Switzer- 
land. Throughout  this  work  the  botanist  and  the  geographer 
have  labored  together  to  present  precisely  and  technically  the 
varied  conditions  which  are  displayed  in  the  various  plant  colo- 
nies encountered  within  their  field  of  study.  Over  6,000  micro- 
scopic preparations  were  examined  in  the  study  of  the  strati- 
graphy of  peat-beds.  Helpful  schematic  tables  arranged  in  the 
form  of  geological  cross-sections  of  the  types  of  swamp  aocumn- 
lations  present  a  summary  of  the  chapters  of  description,  in 
which  climate,  altitude,  position  in  relation  to  sunshine,  slope, 
drainage,  and  accidental  factors,  are  equally  faithfully  portrayed 
with  encyclopedic  fulness,  A  useful  discussion  of  the  world 
distribution  of  vegetal  accumulations  of  the  present  day  is  accom- 
panied by  a  mercator's  chart  showing  the  grouping  of  the  broader 
divisions  of  vegetal  deposits.  There  is  also  a  chapter  on  the 
flora  of  the  interglacial  deposits.  The  authors,  notably  Frtlh,  do 
not  find  that  bacteria  are  effective  producers  of  the  change  from 
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ordinary  cellulose  to  the  peaty  state  of  vegetable  matter.  As  a 
contribution  to  %he  aeco^ogy  of  plants  the  work  is  of  exceptional 
interest.  To  the  student  of  Pleistocene  and  Post-glacial  deposits 
it  seems  clear  that  a  like  investigation  of  the  vegetal  deposits  of 
America,  for  which  there  is  abundant  material,  would  prove 
equally  valuable.  There  is  an  appended  bibliography  of  280  or 
more  papers,  and  a  topographic  map  of  Switzerland  on  the  scale 
of  1  :  530,000  showing  by  colors  the  distribution  of  swamps. 

13.  A  Study  of  Recent  Earthquakes;  by  Charles  Davison, 
Sc.D.,  F.G.S.  Pp.  xii  4-  355,  with  80  illustrations.  London, 
1905  (Contemporary  Science  Series.  The  Walter  Scott  Publish- 
ing Co.). — The  scope  and  object  of  this  work  are  well  stated  in 
the  opening  paragraph  of  the  preface,  here  quoted  : 

"  The  present  volume  differs  from  a  text-book  of  seismology 
in  giving  brief,  though  detailed,  accounts  of  individual  earth- 
quakes rather  than  a  discussion  of  the  phenomena  and  distribution 
of  earthquakes  in  general.  At  the  close  of  his  Les  IVemblements 
de  Terrey  Professor  Fouqu6  has  devoted  a  few  chapters  to  some 
of  the  principal  earthquakes  between  1854  and  1887;  and  there 
are  also  the  well  known  chapters  in  Ly ell's  Principles  of  Geology ^ 
dealing  with  earthquakes  of  a  still  earlier  date.  With  these 
exceptions  there  is  no  other  work  covering  the  same  ground;  and 
he  who  wishes  to  study  any  particular  earthquake  can  only  do  so 
by  reading  long  reports  or  series  of  papers  written  perhaps  in 
several  different  languages.  The  object  of  this  volume  is  to  save 
him  this  trouble,  and  to  present  to  him  the  facts  that  seem  most 
worthy  of  his  attention." 

The  eight  earthquakes  selected  are  those  which  have  been  most 
thoroughly  studied,  "or  which  are  of  special  interest  owing  to 
the  unusual  character  of  their  phenomena,  or  the  light  cast  by 
them  on  the  nature  and  origin  of  earthquakes  in  general." 

This  volume  is  a  welcome  addition  to  recent  earthquake  litera- 
ture, and  forms  what  may  be  regarded  as  a  valuable  supplementary 
volume  to  the  recent  work  of  Dutton's  treating  of  earthquakes 
in  general.  j.  b. 

14.  An  Introduction  to  the  Geology  of  Cape  Colony  ;  byA.  W. 
Rogers,  Director  of  the  Geological  Survey  of  Cape  Colony. 
With  a  chapter  on  the  fossil  reptiles  of  the  Karroo  Formation  by 
Prof.  R.  Bboom,  M.D.,  BSc,  of  Victoria  College,  Stellenbosch. 
463  pp.,  21  plates,  22  text  figures  and  a  colored  geological  map. 
London,  1905.  (Longmans,  Qreen  &  Co.) — This  well  written  and 
clearly  printed  book  makes  a  very  desirable  addition  to  geological 
literature,  bringing  into  one  compact  volume  the  geology  of  Cape 
Colony  and  enabling  the  specialist  in  other  geological  fields  to 
gain,  with  a  minimum  of  effort,  a  comprehensive  idea  of  this 
distant  part  of  the  earth. 

The  Cape  System  is  the  oldest  within  which  organic  remains 
have  been  found,  the  middle  member  consisting  of  shales  and 
thin  sandstones  2500  feet  thick  containing  fossils  identical  with 
or  closely  related  to  species  which  are  found  in  Devonian  rocks 
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of  Amenoa  and  Europe.  Beneath  the  Cape  System  are  found  a 
great  thickness  of  closely  folded  and  metamorphosed  sedimentary 
formations  largely  injected  with  granite  and  embracing  as  many 
as  four  unconformable  subdivisions. 

The  base  of  the  Cape  System  consists  of  the  topographically 
prominent  Table  Mountain  sandstone,  with  a  maximum  thickness 
of  5000  feet,  remarkably  constant  in  character  over  the  whole 
area  of  its  present  occurrence,  probably  ovier  90,000  square  miles, 
pointing  to  its  deposition  over  a  wide  shallow  platform  with 
unknown  limits  fronting  a  land  which  probably  lay  to  the  north- 
ward. An  interesting  feature  is  the  occurrence  of  a  thick  shale- 
band  with  pebbles  up  to  five  inches  in  diameter  occasionally 
flattened  and  striated.  The  pebbles  are  scattered  irregularly 
through  the  shale  and  mudstone  without  any  tendency  to  form 
beds  of  conglomerate.  Considering  all  the  evidence,  it  is  con- 
cluded that  the  pebbles  were  distributed  by  floating  ice  some- 
where early  in  Neopaleozoic  times. 

Following  the  Cape  System,  conformably  in  the  south  but 
unconformably  in  the  northern  portion  of  the  Colony,  is  the 
Karroo  System,  with  a  maximum  thickness  of  not  less  than  14,000 
feet;  it  is  rich  in  the  remains  of  Permo-Carboniferous  and  Triassic 
reptiles.  Its  base,  the  Dwyka  Conglomerate,  a  thousand  feet  in 
thickness,  appears  to  consist  in  the  south  of  iceberg  deposits  and 
in  the  north  of  true  bowlder  clay  resting  unconformably  upon 
striated  and  moutonn6ed  surfaces  with  indications  of  ice  move- 
ment from  the  north  toward  the  south.  Several  plates  from  pho- 
tographs illustrative  of  these  highly  interesting  occurrences  are 
given.* 

Sometime  after  the  middle  of  the  Karroo  a  period  of  folding 
set  in,  building  the  mountain  structures  of  Cape  Colony  facing 
outwards  toward  the  oceans.  This  was  followed  by  a  period  of 
great  basic  intrusions  and  of  volcanism  closing  the  Triassic. 
Since  that  time  the  history  of  Cape  Colony  has  been  preemi- 
nently one  of  successive  uplifts  and  erosion ;  an  erosion  history 
interrupted  in  early  Cretaceous  times  by  a  partial  subsidence  and 
probably  an  increased  aridity  of  climate,  and  checked  occasion- 
ally in  later  times  by  an  approach  of  the  river  valleys  to  base 
level. 

It  is  to  be  noted  that  on  the  southeast  the  even  coast  line  cuts 
across  the  folded  structures  for  a  distance  of  four  hundred  miles, 
and  there  are  indications,  as  in  a  downfaulted  remnant  of  the 
Cretaceous,  that  post-Cretaceous  faulting  has  played  an  important 
part  in  this  truncation  of  older  structures  and  the  present  ter- 
mination, at  this  place,  of  the  continental  platform.  j.  b. 

1 5.  Ice  Erosion  Theory  a  Fallacy ;  by  H.  L.  Faibchild. 
Bull.  Geol.  Soc.  Araer.,  vol.  xvi,  pp.  13-74,  pis.  12-23.  Pub- 
lished Feb.,  1905.  Read  Jan.  1st  and  Dec.  30th,  1904. — In  this 
article  the  author  defines  glacial  erosion  as  the  power  of  making 
vast  and  deep  excavations  in  the  solid  or  live  rock,  resulting  in 

*  See  also  the  article  on  this  subject  by  E.  T.  Mellor  in  this  number,  pp, 
107-118. 
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the  excavation  of  fiords  and  large  lake  basins,  a  power  which  is 
questioned  by  many  geologists  and  accepted  by  others  equally,  if 
not  more,  numerous;  the  capacity  of  removing  loose  material 
and  of  plucking  away  frost-loosened  blocks,  especially  where 
facilitated  by  vertical  jointing,  being,  on  the  other  hand,  univer* 
sally  conceded. 

The  arguments  for  deep  erosion  are  discussed  in  detail  and  are 
considered  to  be  inconclusive.  Following  this,  concrete  illustra- 
tions are  given  from  several  glaciated  mountain  ranges,  showing 
a  scouring  and  polishing  action  in  valleys  originating  from  pre- 
glacial  erosion  rather  than  a  topographic  transformation  of  the 
preglacial  surface. 

Among  the  important  consequences  from  such  conclusions, 
Fairchild  considers  that  fiords  and  hanging  valleys  may  and 
ordinarily  do  occur  as  the  result  of  preglacial  erosion,  masked, 
however,  by  the  glacial  occupancy  and  signifying  therefore  cer- 
tain preglacial  changes  in  the  altitude  of  the  land.  It  is  con- 
ceded, however,  that  glacial  action  emphasizes  and  makes  more 
conspicuous  hanging  valleys  of  preglacial  origin. 

Following  the  above  is  a  discussion  of  the  evidence  from  the 
state  of  New  York,  with  the  conclusion  that  continental  as  well 
as  Alpine  glaciation  is  ineffective  as  a  powerful  erosive  agent. 

In  many  ways  the  quantitative  value  of  ice  erosion  is  an  impor- 
tant problem  and  the  writer  has  certainly  presented  ably  his  views 
upon  the  subject,  but  they  would  probably  have  met  with  a  readier 
acceptance  among  those  holding  different  opinions  if  prefaced  with 
a  less  assertive  and  combative  title.  Many  details  of  the  argument, 
such  as  the  significance  of  cross  striae  as  indicative  of  weak  ero- 
sive power,  are  still  open  to  discussion  in  a  manner  similar  to  that 
oji  the  subject  of  hanging  valleys;  but  coming  down  to  the  essen- 
tial conclusions  of  the  problem,  Professor  Fairchild  and  many  of 
his  opponents  upon  this  question  are  probably  nearer  together 
than  would  at  first  appear,  the  problem  turning  on  the  quantita- 
tive value  of  ice  erosion  :  the  one  side  holding  that  it  is  rapid  and 
important,  the  other  that  it  is  slow  and  very  subordinate  to  the 
aggregate  effects  of  the  previous  fiuvial  and  subac^rial  sculpture. 

J.  B. 

16.  Hanging  Valleys;  by  I.  C.  Russell.  Bull.  Geol.  Soc. 
Amer.,  vol.  xvi,  pp.  75-90.  Read  Dec.  30th,  1904.  Published 
Feb.,  1905. — A  number  of  prominent  physiographers  have  con- 
sidered hanging  valleys  to  result  as  a  rule  from  the  unequal 
erosion  of  valleys  by  glaciers  of  unequal  size  and  to  represent 
therefore  the  differential  erosive  power  of  the  main  and  tributary 
glaciers,  the  total  erosive  power  being  necessarily  still  greater. 

Dismissing  the  idea  of  glacial  action  as  being  the  sole  or  neces- 
sary cause,  a  hanging  valley  may  be  defined,  as  stated  by  Cham- 
berlin  and  Salisbury,  as  "  when  the  lower  end  of  the  tributary 
valley  is  distinctly  above  the  level  of  its  main."  On  this  basis 
Russell  divides  hanging  valleys  into  four  species,  namely,  stream- 
formedy   ocean-formed,   diastrophic,   and  glacier-formed.     Even 
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among  the  glacior-formed  '*  there  appear  to  be  at  least  six  sets 
of  conditions  or  processes  each  of  which  may  produce  glaciated 
hanging  valleys  without  necessitating  a  conspicuously  great 
measure  of  differential  ice  erosion."  Illustrations  confirmatory 
of  these  conclusions  are  cited  from  Stein  mountain  in  south- 
eastern Oregon  and  from  the  Sierras. 

The  discussions  of  this  paper  may  be  considered  as  an  amplifi- 
cation of  one  phase  of  the  general  problem  presented  in  Fairchild's 
paper,  and  tending  likewise  to  diminish  the  conception  of  the 
total  magnitude  of  ice  erosion.  j.  b. 

17.  Glaciation  of  the  Green  Mountains  ;  by  C.  H.  Hitchcock, 
LL.D.,  pp.  2 1 .  Montpelier,  V  t.  (Argus  and  Patriot  Press,  1 904.) — 
After  a  review  of  the  literature  and  an  examination  of  the  data 
in  regard  to  all  the  higher  summits  of  New  England  and  New 
York,  Dr.  Hitchcock  concludes  that  all,  including  Mt.  Katahdin, 
Mt.  Washington  and  Mt.  Marcy,  were  completely  buried  beneath 
the  continental  ice  and  that  any  nunataks  must  be  sought  for 
among  the  Catskills  or  some  other  highland  comparatively  near 
the  ice-border  just  as  they  are  in  Greenland  to-day.  j.  b. 

18.  Ice  or  Water ;  by  Sir  Henry  H.  Ho  worth.  In  three 
volumes.  London,  1905  (Longmans,  Green  &  Co.). — This  volu- 
minous work,  each  volume  consisting  of  some  five  hundred  pages, 
is  by  the  author  of  a  previous  work  of  the  same  character  entitled 
"The  Glacial  Nightmare  and  the  Flood."  He  calls  the  present 
volumes  "  Another  appeal  to  induction  from  the  scholastic  meth- 
ods of  modern  geology,"  and  reiterates  and  amplifies  the  views 
current  in  regard  to  the  origin  of  the  "  drift  or  diluvium "  pre- 
vious to  1840. 

For  geologists  there  is  no  need  of  a  review  of  this  work  as  the  titles 
of  this  and  the  previous  one  are  sufficiently  explanatory,  but  as  the 
former  has  met  with  some  little  acceptance  among  those  interested 
in  geology  but  not  specialists  in  the  science,  as  is  witnessed  in  a 
recent  work  by  the  Rev.  N.  Hutchinson,  and  as  tins  is  doubtless 
intended  for  the  same  class  of  readers,  it  may  be  well  to  say  that 
the  conclusions  drawn  in  these  volumes  are  essentially  those  held 
previous  to  1840,  thoroughly  threshed  out  during  the  next  twenty 
years  and  as  thoroughly  abandoned  by  all  active  geologists  for 
the  past  thirty.  A  considerable  part  of  the  argument  turns  upon 
the  idea  that  since  the  causes  of  the  ice  age  are  but  poorly  under- 
stood and  there  is  as  yet  no  unanimity  of  opinion  upon  that  sub- 
ject, therefore  it  is  bad  logic  to  believe  in  the  existence  of  an  age 
of  ice  at  all. 

The  author  has,  however,  read  up  glacial  literature  with  con- 
siderable thoroughness,  and  he  destroys  to  his  satisfaction  every 
theory  of  the  glacialists  including  those  which  are  founded  upon 
the  best  accepted  facts  as  well  as  those  proposed  upon  insufficient 
knowledge  and  which  have  been  already  left  by  the  wayside  by 
all  prominent  glacialists  themselves.  In  reading  these  volumes 
one  is  reminded  of  a  criticism  of  Brogger  dealing  with  a  similar 
reversion  to  an  earlier  period  of  thought  "  Der  menschliche  Geist 
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ist  wanderbar  conservativ :  denn  Ansichten,  die  man  schon  langst 
als  todt  and  begraben  ansehen  mttsste,  steben  immerfort  wieder 
als  Gespenster  aus  der  Vergangenheit  auf."  j.  b. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  The  United  States  Natioyial  Mu8eu7n  ;  by  Richard  Rath- 
BTJN.  Report  of  the  IT.  S.  National  Museum  for  1903,  pp.  177- 
309,  with  29  plates,  Washington,  1905. — This  is  a  very  readable 
and  well  illustrated  account  of  the  Government  Museum  build- 
ings in  Washington  ;  the  first  of  these  is  the  picturesque  Smith- 
sonian building  finally  completed  in  1855  and  restored  in  1865- 
1867  after  the  partial  destruction  by  fire  in  January,  1865.  This 
was  followed  by  the  National  Museum,  completed  in  1881  under 
Secretary  Baird.  The  plans  for  the  new  Museum  building,  the 
foundations  of  which  have  been  recently  begun,  are  also  presented. 

2.  Forestry:  Tenth  Annual  Report  of  the  Chief  Fire  Warden 
of  MinnesotUy  for  the  year  1904;  by  C.  C.  Andrews.  135  pp., 
with  17  plates. — The  annual  appropriation  by  the  State  of  Minne- 
sota in  behalf  of  the  preservation  of  its  forests  amounts  to  the 
very  small  sum  of  $5,000.  The  present  report  shows  how  much 
can  be  accomplished  with  even  this  amount,  and  it  cannot  be 
believed  that  the  strong  plea  of  the  Chief  Fire  Warden  for  ade- 
quate support  and  an  enlightened  policy  can  be  disregarded;  cer- 
tainly the  matter  is  one  in  which  the  State  has  a  vital  interest. 

Z,^Les  Frix  Nobel  en  1902.  Stockholm,  1905.— The  Swedish 
Academy  of  Sciences  has  recently  distributed  an  interesting 
volume  giving  an  account  of  the  distribution  of  the  Nobel  prizes 
in  1902,  wiih  plates  showing  the  medals  and  diplomas,  also  the 
portraits  of  the  recipients  accompanied  by  brief  biographies. 
The  prizes  were  awarded  as  follows,  viz.:  in  physics,  to  H.  A. 
Liorenlz  and  Pieter  Zeeman  ;  in  chemistry,  Erail  Fischer  ;  in 
medicine,  Ronald  Ross ;  in  literature,  Theodor  Mommsen.  The 
volume  also  contains  the  Nobel  lectures  by  Professors  Lorentz, 
Zeeman,  Fischer,  Ross  and  Dncommun. 

4.  Negritos  of  Zamhales  ;  by  William  Allen  Reed.  90  pp., 
62  plates.  Manila,  1904  (Ethnological  Survey  Publications,  vol. 
II,  Part  1). — Of  the  various  publications  which  appear  from 
time  to  time  from  Manila,  not  the  least  important  are  those 
devoted  to  ethnological  subjects.  The  present  paper,  which  forms 
Part  I  of  vol.  II,  is  devoted  to  an  account  of  the  interesting  race 
of  pygmy  blacks,  the  Negritos  of  Zambales  Province ;  it  pre- 
sents the  subject  very  fully,  with  a  large  number  of  plates,  repro- 
duced from  photographs. 

5.  A  Magnetic  Survey  of  Japan  reduced  to  the  Epoch  1895'0 
and  the  Sea-level,  carried  out  by  order  of  the  Earthquake  Investi- 
gation Committee.  Reported  by  A.  Tanakadate.  347  pp.,  98 
plates,  Tokyo,  1904.  The  Journal  of  the  College  of  Science, 
imperial  university  of  Tokyo,  Japan,  vol.  xiv. — This  large 
Volame  presents  the  results  of  the  Magnetic  Survey  of  Japan, 
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carried  on,  under  the  auspices  of  the  Earthquake  Investigation 
Committee,  during  the  four  summers  from  1893  to  t896.  The 
Appendix  gives  a  complete  list  of  the  observations,  reduced  to 
1895*0  and  sea-level.  A  large  number  of  plates  and  eleven 
beautifully  executed  maps  accompany  the  text.  Many  of  the 
maps  are  double,  a  thin  rice-paper  chart  covering  a  second  one 
on  thick  paper;  in  this  way  a  double  series  of  data  are  presented. 

6.  Beitrdge  zur  chemischen  Pht/^iologie,  heraus^egeben  von  F. 
HoFMEiSTBR.  Band  VL  1906.  Braunschweig  (F.  Vieweg  und 
Sohn). — The  present  volume,  like  its  predecessors,  contributes  a 
large  number  of  new  data  to  the  literature  of  physiological  chem- 
istry. Only  a  few  of  the  41  papers  can  be  selected  for  special 
mention  in  this  place.  Many  of  them  deal  with  the  chemistry  of 
metabolism.  Thus  von  Bergmann  and  Langstein  have  investi- 
gated the  "  residual  nitrogen  "  of  the  blood  ;  Knop,  the  meta- 
bolism of  aromatic  fatty  acids ;  Eppinger,  the  physiological 
formation  of  allantoYn  and  urea ;  Blumenthal,  the  assimilation 
limits  for  common  sugars  after  intravenous  introduction  ;  and 
Steinitz  and  Weigert,  the  composition  of  the  body  after  improper 
nutrition.  Dr.  von  Fdrth  has  published  the  details  of  an 
extensive  study  of  the  oxidative  decomposition  of  prpteids. 
Friedmann's  research  on  the  chemical  structure  of  adrenalin, 
Pollak's  paper  on  the  diversity  of  trypsins,  and  Embden's  various 
papers  on  carbohydrate  metabolism  indicate  the  scope  of  the 
journal.  Students  of  haemolysis  and  related  topics  will  be  inter- 
ested in  the  papers  by  Pascucci  upon  the  chemistry  of  the  stroma 
of  the  red  blood  corpuscles,  and«  one  by  Hausmann  on  the 
behavior  of  saponin  in  the  presence  of  cholesterin.         l.  b.  m. 

7.  Jhi  Lahoratoire  d  V  TIsi7ie ;  par  Louis  Houllevigub,  Pro- 
fesseur  k  rUnivereitu  de  Caen,  299  pp.,  12mo.  Paris,  1904  (Ar- 
mand  Colin). — This  useful  little  book  discusses  in  ielementary 
form  a  wide  range  of  well-selected  practical  topics  :  the  part 
played  by  machines  ;  the  gas  meter;  the  transformation  and  dis- 
tribution of  energy  ;  the  industrial  Alps  ;  electro-chemistry  ; 
lighting  by  incandescence;  the  production  and  use  of  extreme 
cold  ;  molecules,  ions  and  corpuscles.  The  method  of  presenta- 
tion is  adapted  to  the  requirements  of  the  ordinary  public  inter- 
ested in  the  applications  of  science. 

8.  7Vaite  Complet  de  la  Fabrication  des  Bihres ;  par  MM.  G. 
MoREAU  and  Lucien  Levy.  674  pp.,  5  plates,  173  figures  in  the 
-text.  Paris,  1905  (Libr.  Polytechni(][ue,  Ch.  Boranger  ^diteur, 
successeur  de  Baudry  et  Cie.). — ^This  volume,  like  others  which 
have  preceded  it  from  the  same  publishers  and  belonging  to  this 
series,  is  a  very  complete  and  exhaustive  discussion  of  the  subject 
of  which  it  treats.  This  is  somewhat  out  of  the  range  of  this 
Journal,  but  attention  may  be  called  to  the  discussion  of  the 
botanical  side  of  the  various  forms  of  hops  and  barley,  also  of 
the  yeast,  and  of  the  part  played  by  bacteria ;  these  have  more 
than  a  technical  interest.  The  illustrations  are  numerous  and 
good  and  the  whole  presentation  of  the  technical  part  of  the  sub- 
|ect  is  very  thorough. 
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Art.  XX.  —  Development  of  Fenestella  :   by  Edgar  Roscoe 
CuMiNGS,  Ph.D.     (With  Plates  V,  Vl,  and  VII.) 

Introduction, 

During  the  past  two  years,  the  writer's  studies  of  the  devel- 
opment of  Paleozoic  Bryozoa*  have  brought  out  some  very 
interesting  points  bearing  upon  the  earliest  stages  of  Fenestella. 
The  present  paper  deals  with  the  development  (astogeny)  and 
morphology  of  Fenestella^  and  is  based  entirely  upon  calcified 
material  from  the  Hamilton  formation  of  Thedford,  Ontario.f 
This  material  consists  of  numerous  bases  of  Fenestella  colonies. 
In  these,  the  minutest  details  of  internal  structure  are  pre- 
served with  remarkable  fidelity.  The  method  of  study  has 
been  the  preparation  of  both  thin  and  serial  sections.  The 
latter  were  obtained  by  slowly  grinding  down  the  bases  and 
accurately  drawing  each  stage  as  seen  by  reflected  or  in  some 
cases  by  transmitted  light.  The  specimens  studied  are  in  vari- 
ous stages  of  growth.  Some  represent  the  bases  of  adult 
colonies  from  which  the  adult  (ephebastic)  portion  has  been 
lost;  others  are  minute  bases,  which  in  their  growth  never 
proceeded  farther  than  the  nepiastic  stage.     In  these  nepiastic 

***  In  a  former  paper,  a  classification  of  the  growth  stages  of  the  bryozoan 
oolonj  was  given,  together  with  a  general  classification  of  the  growth  stages 
of  any  colony  belonging  to  any  group  of  organisms.  The  terms  applicable 
to  the  growth  stages  of  any  colony  are  :  NepiastiCy  neanastic,  ephebcLstiCf  and 
geronta8tiCj  corresponding  to  the  well-known  terms  nepionic^  neanic,  ephebic, 
and  gerontie,  applicable  to  the  growth  stages  of  the  individoal.  Dr.  Raede- 
xnann  baa  recently  proposed  the  term  astogenetic  with  reference  to  the  colony, 
as  the  term  parallel  with  ontogenetic  with  reference  to  the  individual.  The 
astogenetie  stage  of  a  colony,  therefore,  corresponds  with  the  ontogenetic 
stage  of  an  in£vidnal. 

f  This  FeneateUa  is  probably  the  form  listed  by  Grabau  as  Semicoscinium 
IcUfiatUTii. 
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colonies,  the  zooecia  emerge  upon  the  surface ;  but  in  the  older 
ones,  the  apertures  of  the  zooecia  in  the  basal  portion  are  sub- 
merged in  a  copious  deposit  of  punctate  sclerenchyraa.  In  all 
cases,  however,  there  has  been  no  resorption  of  the  earlier 
zooecia,  so  that  sections  of  the  bases  of  ephebastic  or  gerontas- 
tic  zoaria  reveal  the  morphology  of  tne  earliest  stages  as 
faithfully  as  sections  of  a  nepiastic  colony.  As  an  aid  to  the 
elucidation  of  the  astogeny  of  FenesteUa^  the  writer  studied 
the  astogeny  of  Retepora  phomicea^  a  recent  bryozoan  morpho- 
logically very  similar  to  the  ancient  Fenestellas  and  Poly- 
poras. 

In  the  writer's  former  paper  on  the  development  of  Paleo- 
zoic Bryozoa,  the  term  protcBcium  was  introduced  as  designating 
the  primary  individual  of  the  colony.  In  this  sense,  it  would 
have  the  same  signification  as  the  term  ancestrula  of  Jul  lien 
or  primary  cell  of  Hincks.  In  the  Cyclostomata,  as  is  well 
known,  the  first  zooecium  surmounts  a  hemispherical  base 
{ba^al  di8c\  which  serves  as  the  point  of  attachment  of  the 
young  colony  to  the  substratum.  This  basal  disc  has  been 
shown  to  be  the  calcified  wall  of  the  metamorphosed  and 
histolyzed  embryo  (Barrois  and  others).  It  is  believed  by  the 
present  writer  that  the  persistence  of  this  structure  (kathem- 
bryonic  stage)  in  .the  ancient  order  of  Cyclostomata  is  not 
w^ithout  significance,  especially  in  view  of  the  fact,  to  be 
shown  presently,  that  it  is  a  conspicuous  feature  in  the 
development  of  the  ancient  Cryptostomata  and  possibly  of  the 
Trepostomata  {Phylloporina  corticosa).  The  basal  disc  is 
probably  the  true  first  zooecium.  In  the  present  paper,  there- 
fore, the  term  protceciuTn  is  restricted  to  the  basal  uisc  or  its 
equivalent,  and  the  superjacent  portion  of  the  primary  cell  is 
designated  the  ancestrxda.  In  many  recent  Chilostomata, 
there  seems  to  be  no  distinction  of  protoecium  and  ancestrula. 
This  may  mean  that  the  extreme  acceleration  of  these  modern 
types  has  practically  eliminated  the  protoecium  from  the  on- 
togeny. In  the  ancient  Cryptostomata,  on  the  other  hand,  the 
protceciiim  greatly  predominates  over  the  ancestrula,  which  is 
often  little  more  than  an  exaggerated  aperture  to  the  former. 
In  any  case,  the  ontogenetic  stage  of  which  the  prdtoeciuin  is 
the  index  is  always  i)resent  throughout  the  Ectoprocta,  for  by 
a  degenerative  metamorphosis  they  all  give  rise  to  a  hemi- 
spherical kathembryo,  from  which  the  adult  polypide  arises  by 
a  sort  of  budding  process.  Furthermore,  this '  kathembryo 
becomes  invested  with  a  calcareous  or  chitinous  ectocyst,  which 
is  the  first  skeletal  structure  of  the  developing  individual. 
The  protoecium  is  therefore  very  cloi^cly  analogous  to  the 
protegulum  of  brachiopods,  the  protoconch  of  cephalopods, 
etc. 
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Development  of  Fenestella. 

The  Protcecium, 

Many  well-preserved  FenesteUa  bases  show  a  minute  circular 
pit  on  their  basal  surface.  This  can  be  seen  only  in  colonies 
that  were  attached  to  a  substratum  which  disappeared  in  the 

f^rocess  of  fossilization,  leaving  the  basal  surface  of  the  colonv 
ree  from  all  extraneous  matter.  Where  the  colony  is  still 
attached  to  the  substratum,  frequently  the  frond  of  another 
bryozoan,  the  circular  pit  can  always  be  demonstrated  by 
means  of  thin  sections.  This  pit  is  the  protcecium.  As  will 
be  seen  from  the  longitudinal  sections  (figs.  20,  36,  37,  59), 
the  protoecium  is  separated  from  the  substratum  by  a  thin 
basal  membrane.  In  such  sections,  this  pit  appears  as  a  semi- 
circular object  in  the  proximal  portion  of  the  colony.  In  trans- 
verse sections,  it  appears  as  a  dark  ring  surrounded  by  concen- 
tric zones  of  punctate  secondary  sclerenchyma.  That  the 
protoecium  has  its  own  proper  wall,  similar  to  that  of  ordinary 
zooecia,  is  shown  by  numerous  sections  (tigs.  36-38,  and  59). 
The  diameter  of  the  protoecium  is  from  0*4— 0*6'"*°,  or  about 
three  or  four  times  that  of  the  ordinary  zooecia.  In  form  and 
position  it  corresponds  precisely  to  the  basal  disc  of  Cyclosto- 
mata,  and  there  can  be  little  doubt  that  it  has  the  same 
morphological  and  developmental  significance. 

l^ie  Ayicestmla, 

The  protoecium  is  surmounted  by  a  tubular  structure  arising 
from  the  center  of  its  distal  surface.  This  is  the  ancestrula. 
In  some  of  the  earlier  sections  prepared  by  the  writer,  one  of 
the  primary  buds  was  mistaken  for  the  ancestrula,  and  its  size 
and  shape  were  therefore  thought  to  be  different  from  what 
was  shown  in  later  sections.  It  is  considerably  smaller  than 
the  primary  buds,  being  both  shorter  and  of  less  diameter.  It 
seems  altogether  likely  that  the  primary  polypide  never  per- 
manently ascended  into  the  ancestrula  as  in  the  Cyclostomata. 
On  the  other  hand,  the  ancestrula  of  Fenestella  is  far  from 
being  the  homologue  of  the  vestibule  of  ephebastic  zooecia. 
It  is  not  built  up  of  secondary  deposits,  but  is  composed  of  the 
same  thin  non- punctate  sui)stance  as  the  proper  wall  of  the 
protoecium  and  other  zooecia.  The  homology  of  the  ancestrula 
of  Fenestdln  is  with  the  tubular  primary  zooecium  of  the 
Cyclostomata.  Figures  59  and  60  indicate  the  shape  and 
appearance  of  the  ancestrula  as  seen  in  the  majority  of  prop- 
erly orientated  longitudinal  sections,*  and  figures  10-13,  24, 
43,  and  54  in  transverse  sections. 

*  The  zooBciam  marked  /,  in  figures  19  aud  20,  was  at  first  thought  to  be 
the  ancestmla,  since  it  communicates  freely  with  the  protoecium.  A  careful 
study  of  the  appearances  possible  in  a  series  of  longitudinal  sections  with 
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The  Primary  Buds, 

Two  lateral  primary  buds  arise  from  the  primary  zooecium 
(figs.  3-7,  21-23,  40-43).  There  is  still  some  question  as  to 
whether  these  buds  arise  from  the  protoecium  or  from  the 
aneestrula.  The  sections  figured  reveal  all  that  can  be  ex- 
pected. The  question  becomes  one  of  interpretation  and  of 
analogy  with  recent  Bryozoa.  The  proximal  ends  of  the  pri- 
mary buds  are  in  contact  with  the  protoecium  and  are  separated 
from  its  cavity  by  a  very  thin  calcareous  wall,  which  is  fre- 
quently broken  away  (figs.  19  and  20).  Tiie  appearance  of  this 
wall  is  well  shown  in  figure  36.  Figures  3-7  and  38-40,  42 
show  the  intimate  relation  of  the  primary  buds  to  the  pro- 
toecium. From  the  analogy  of  recent  Bryozoa,  on  the  other 
hand,  these  buds  might  be  expected  to  originate  from  the 
aneestrula.  A  median  primary  bud  is  not  indicated  by  any  of 
the  sections.  If  it  existed,  it  certainly  arose  from  the  anees- 
trula. 

The  size,  shape,  and  position  of  the  primary  buds  is  beauti- 
fully shown  in  figures  38  and  39,  and  in  the  transverse  sections. 
These  buds  are  long  and  tubular,  and  diverge  but  slightly  from 
the  axis  of  tlie  zoarium.  There  is  no  long  vestibule  as  in 
ephebastic  zooecia,  but  the  whole  aspect  of  the  buds  is  that  of 
a  simple  tubular  zooecium,  quite  similar  to  that  of  the  Cyclos- 
tomata.  There  is  also  no  indication  of  hemisepta  or  any  other 
structures  within  the  zooecium. 

Secondary  Buds, 

• 

All  buds  of  the  second  generation  from  the  protoecium  are 
designated  secondary  buds.  The  series  of  sections  (figs.  1-16) 
seems  to  indicate  that  each  of  the  primary  buds  produces  a 
lateral  and  a  median  bud.  The  lateral  buds  are  very  clearly 
shown  in  such  a  position  that  they  could  have  originated  from 
no  other  source  than  from  the  primary  buds  (see  especially 
figs.  5,  41,  and  42).  The  median  buds  belong  to  the  second 
tier  of  zocecia.  They  are  designated  //„  and  7/,^  in  figure  13. 
The  shape  of  the  secondary  buds  is  quite  similar  to  that  of  the 
primary  ones  (figs.  37, 45,  59,  and  60).     Figure  50  is  a  drawing 

different  assumed  orientation  has  convinced  the  writer  that  the  zocBcinm  in 
question  is  a  primary  bud.  To  test  this,  four  different  bases  in  which  the 
protoecium  and  primary  buds  could  be  seen  on  the  basal  surface  (in  some 
cases  only  after  slight  etching)  were  sectioned  in  the  direction  j  —jt  figure 
48,  which  had  been  determined  by  previous  inspection  of  the  basal  surface, 
and  marked  by  carefully  drawing  a  fine  line  through  the  center  of  the  pro- 
tcecium  and  as  nearly  as  possible  between  the  primary  buds.  Every  one  of 
these  sections  has  the  appearance  shown  in  figures  59,  60,  and  45.  It  is 
therefore  unlikely  that  figures  19  and  20  (which  were  orientated  at  randoin) 
represent  the  aneestrula.  It  is  needless  to  state  that  only  a  very  small 
proportion  of  the  many  sections  prepared  in  this  study  are  figured. 
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of  a  secondary  bud,  and  may  be  compared  with  figure  53,  which 
is  a  drawing  of  two  zooecia  of  Protocrisina  (after  Ulrich),  a 
cyclostomatous  bryozoan  from  the  Trenton.  The  resemblance 
is  too  striking  to  need  further  emphasis.  No  internal  zooecial 
structures  have  been  observed  in  the  secondary  buds. 

Tertiary  and  Later  Buds. 

One  bud  of  the  third  generation  from  the  ancestrula  occu- 
pies a  position  in  the  first  tier  of  zooecia,  diametrically  opposite 
the  ancestrula  (///,  figs.  6-13,  24,  26,  43,  54-58).  the  shape 
of  this  bud  is  well  shown  in  figures  37,  45,  59,  and  60.  There 
is  no  means  of  telling  from  which  of  the  two  secondary  buds 
this  tertiary  one  is  derived.  It  may  have  originated  now  from 
one,  now  from  the  other.  In  figure  43,  it  is  rather  more  inti- 
mately associated  with  32^  whicn  was  in  turn  derived  from  the 
right  lateral  primary  bud.  Figure  13  indicates  that  each  of 
the  secondary  buds  gives  rise  to  a  median  bud  lying  in  the 
second  tier  of  zooecia. 

Ascending  the  axis  of  the  zoarium  (figs.  17-20,  36-39),  there 
is  exhibited  a  series  of  zooecia  very  symmetrically  arranged 
about  the  axis.  In  transverse  sections,  above  the  level  of  y, 
figure  17,  these  present  a  peculiar  star-shaped  appearance  seen 
in  figures  15,  16,  and  58,  as  well  as  in  figure  61  of  the  writer's 
former  paper.  The  order  of  budding  of  these  later  zooecia 
cannot  be  determined,  although  the  writer  has  devoted  a  large 
amount  of  time  and  study  to  this  point.  It  is  probable  that 
the  order  of  budding  in  these  later  generations  is  without  sig- 
nificance. An  important  point  shown  by  the  sections,  how- 
ever, is  the  shape  and  size  of  these  zooecia.  This  is  best  seen 
in  figures  17  and  38.  The  zooecia  are  tubular,  ])ut  somewhat  less 
elongate  than  the  earlier  ones.  It  is  not  until  the  zoarium 
begins  to  expand  into  its  characteristic  infundibular  form  that 
the  zooecia  assume  the  shape  normal  to  Fene^tella,  Figure  51 
shows  a  row  of  zooecia  from  the  neanastic  region  (base  of  the 
cone)  of  the  specimen  represented  in  figure  38.  For  compari- 
son with  this  is  inserted  figure  52,  showing  a  specimen  of 
Fenestellaacmea  from  the  Waldron  shale  of  Tarr  Hole,  Indiana. 
The  resemblance  is  striking.  Tlie  adult  zooecia  of  the  Thed- 
ford  Fenestella  are  shown  in  figure  49. 

Discussion  and  Conclusions, 

The  morphological  element  of  the  bryozoan  colony  which 
corresponds  to  the  primitive  integument  of  MoUusca,  Brachio- 
poda,  etc.  (that  is,  to  the  protoconch,  protegulum,  etc.),  is  the 
protoecium,  or  basal  disc,  of  the  primary  individual  of  the 
colony.     The  protoecium  is  the  calcareous  or  chitinous  wall  of 
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the  kathembryo.  In  FenesteUa  it  is  very  large  and  in  every 
way  similar  to  the  protoecium  (basal  disc)  of  the  Cye.lostomata. 
The  ancestrula  is  the  tubular  superstructure  of  the  primary 
individual.  It  is  a  sunple,  undifferentiated,  tubular  zocecium. 
The  earlier  formed  zooecia  (nepiastic  zooecia)  of  the  Fenestella 
colony  differ  markedly  in  shape  and  size  from  later  formed 
(neanastic  and  ephebastic)  zooecia.  In  every  feature  in  which 
they  depart  from  the  ephebastic  zooecia  of  Fenestella  they 
approach  the  ephebastic  zooecia  of  the  Cyclostomata. 

From  these  observations,  it  may  be  reasonably  concluded  that 
Fenestella  as  well  as  the  entire  order  of  Cryptostomatii  is 
derived  from  tlie  Cyclostomata.  Certain  other  general  conclu- 
sions, more  or  less  speculative,  are  suggested  by  a  consideration 
of  the  probable  significance  of  the  protoecium  and  ancesti-ula. 

The  meaning  of  the  degenerative  metamorphosis  of  Bryozoa 
has  always  been  a  puzzle  to  students  of  this  class.  The  striking 
analogy  of  this  metamorphosis  to  the  degeneration  of  an  ordi- 
nary polypide  and  production  of  a  brown  body,  together  with 
the  nearly  identical  life  history  of  the  regenerating  polypide  or 
of  ordinary  buds  and  the  primitive  polypide  issuing  from  the 
kathembryo,  have  more  than  once  led  to  the  suggestion  that 
the  primitive  polypide  is  in  the  true  sense  a  bud.  The  writer 
is  inclined  to  hold  this  view.  Assuming,  therefore,  that  the 
primitive  polypide  is  a  bud,  the  following  suggestions  may  be 
made  in  regard  to  the  significance  of  the  metamorphosis  and 
of  the  resulting  protoecium: 

1.  In  the  primitive  bryozoan,  there  was  no  histolysis  of  the 
larval  organs.  The  development  was  direct  and  resulted  in  a 
primitive  zocecium  and  polypide. 

2.  This  primitive  zooecium  was  hemispherical  in  shape  and 
possessed  a  simple  aperture  in  the  center  of  its  upper  surface. 
Some  ancient  types  of  Cyclostomata  retain  nearly  such  a  form 
of  zooecium  {Stomatopora  of  the  Trenton,  especially  S.  turgida). 

3.  This  primitive  zooecium  might  now  give  rise  to  a  linear 
adnate  series  of  zocecia,  as  in  Stoniatopora^  or  to  a  series  of 
superposed  zooecia,  as  in  the  Trepostomata.  By  variations  of 
zoarial  habit  based  upon  one  or  the  other  of  these  fundamental 
plans  of  budding  all  existing  types  of  Bryozoa  could  have  been 
produced. 

4.  In  accordance  with  the  law  of  tachygenesis,  later  in 
the  history  of  the  bryozoan  group  a  tendency  toward  concen- 
tmtion  of  the  early  stages  in  development  wt>uld  arise.  In  any 
colony  the  tendency  to  degenerate  may  be  supposed  to  have 
applied  to  the  primitive  polypide  as  well  as  to  later  ones, 
and  finally  to  have  become  an  invariable  part  of  its  life  history. 
By  the  continued  operation  of  the  law  of  tachygenesis,  the  life 
history  of  the  first  polypide  became  so  abbreviated  as  to  be 
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represented  only  by  its  degenerative  stage,  that  is,  by  its  latest 
growth  stage,  all  the  earlier  growth  stages  having  been  crowded 
out  or  back  into  the  larval  stage. 

In  accordance  with  this  interpretation  of  bryozoan  develop- 
ment, the  large  size  of  the  protoecium  in  ancient  types  is  ex- 
plicable and  is  thought  to  be  due  to  a  less  degree  of  acceleration, 
the  calcification  of  the  zooecial  wall  of  the  primitive  individual 
being  allowed  to  proceed  nearly  to  completion  before  the  second 
zoceciura  was  superposed  upon  it.  The  probability  that  the  first 
polypide  remains  in  the  protoecium  in  Fenestetla^  instead  of 
ascending  into  the  ancestrula  as  in  modern  Cyclostomata,  may 
indicate  a  still  more  primitive  condition.  The  relations  of  the 
protoecium  and  ancestrula  in  the  Cyclostomata  and  in  Fenestella 
suggest  the  normal  relation  of  superposition  of  the  zooecia  in  the 
Trepostomata.  It  is  not  without  interest  to  find  evidence,  in  the 
development  of  Paleozoic  Bryozoa,  of  the  fundamental  relation- 
ship of  these  great  groups.  Ulrich  (Geol.  Surv.  Illinois,  vol. 
viii)  has  already  suggested  such  a  relationship  on  the  ground  of 
the  resemblances  of  such  types  as  the  early  Fenestellas,  PhyUo- 
porina  and  Protocrisina.  The  evidence  presented  by  these 
adult  types  is  greatly  stren^hened  by  the  striking  parallelism 
of  the  nepiastic  stages  of  FenesieUa  with  the  series  of  adult 
types  named  above. 

Paleontological  Laboratory,  Indiana  University, 

June,  1905. 


EXPLANATION   OF   PLATES. 

Description  of  Figures* 

Letters  having  the  same  meaning  for  aU  the  figures  :— 

a,  6,  e,  dy  e,  primary  carinas  (exoept  figs.  17,  24,  47,  and  48). 

/,  fenestrule. 

ky  carina. 

o,  protoecium. 

Sy  substratum  of  bryozoan  colony. 

z,  z'y  etc.,  zooecia  of  generations  later  than  the  piimary  zooecia. 

Ay  ancestrula. 

/,  primary  bud. 

//,  bud  of  second  generation,  that  is,  derived  from  a  primary  bud. 
///,  bud  of  third  generation. 

£y  left  lateral  bud. 

Sy  right  lateral  bud. 
SSy  right  lateral  bud  of  the  second  generation,  derived  from  a  left  lateral 

primary  bud. 
SS,  left  lateral  bud  of  the  second  generation,  derived  from  a  right  lateral 
primary  bud. 

*A11  drawings  except  figures  1-16  were  made  with  the  camera  lucida. 
Figures  SQ-82  are  after  Barrois,  and  figure  53  is  after  Ulrich.  All  the  speci- 
mens of  Fenestella  are  from  Thedford,  Ontario. 
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Plate  V. 

Figures  1-16. — Transverse  serial  sections  of  a  Fenestella  base.  These  six- 
teen sections  represent  l™"*  thickness  of  rock. 

Figures  1,  2.— Protoecinm  (cf.  figs.  40,  41,  31-35). 

Figure  8. — Se<'tion  in  the  plane  of  a-a,  figare  47,  cutting  the  proximal  ends 
of  the  primary  buds  and  the  buds  of  the  second  generation  (secondary 
buds)  (cf .  fig.  42). 

Figures  4,  5. — Successively  higher  sections. 

Figure  6. — Section  in  plane  of  a'-a'^  figure  47,  cutting  the  proximal  end  of 
the  tertiary  bud  (cf.  fig.  48). 

Figures  7-12. — Successively  higher  sections  between  the  planes  of  a' -a'  and 
c-c,  figure  47,  showing  the  development  of  the  initial  buds.  Figures 
10-12  cut  the  aperture  of  the  ancestrula  (cf.  fig.  24,  with  fig.  12). 

Figure  18. — Section  cutting  the  proximal  ends  of  buds  of  the  second  tier 
(//„,  //,„  nib,  and  II Ic)  (cf.  fig.  26). 

Figure  14. — Section  just  cutting  the  distal  end  of  the  aperture  of  the 
ancestrula. 

Figures  15,  16. — Assumption  of  the  star-shaped  arrangement  of  zooecia, 
characteristic  of  the  paranepiastic  stage  of  Fenestella. 

Plate  VI. 

Figure  17. — Longitudinal  section  of  a  Fenestella  base  cutting  in  the  plane 
of  e-ey  figure  47,  and  a-a^  figure  48.  This  section  passes  through  the 
edge  of  the  protoocium  and  misses  the  ancestrula  entirely.  &,  h\  buds 
of  the  second  tier.  At  z  and  z'  the  zooecia  are  vertically  above  each 
other;  at  z",  z'"  they  alternate,  and  at  the  top  of  the  figure  they  lie  side 
by  side,      x  17. 

Figure  18. — Longitudinal  section  cutting  still  more  excentrically  than  that 
shown  in  figure  17,  probably  in  the  plane  of  6-fc,  figure  48.  This  misses 
the  protoBcium  and  ancestrula  entirely,  but  their  relative  position  is 
shown  at  o  and  A.  The  vertical  alignment  of  zooecia  is  shown  at  z-z' 
and  the  ordinary  arrangement,  on  either  side  of  the  carina,  at  z'.  The 
bifurcation  of  a  primary  branch  is  8ho¥m  at  g-h  (between  z'  and  g,  h). 
In  each  new  branch,  the  zooecia  first  alternate  and  later  lie  side  bv  side. 
Normal  arrangement  shown  at  k'  k".      x  17. 

Figure  19. — Longitudinal  section  cutting  in  the  plane  of  c-c,  figure  48.  The 
section  cuts  a  row  of  zooecia  (z'-z")  nearly  longitudinally,      x  17. 

Figure  20. — Section  in  nearly  the  same  plane  as  in  figure  19  (d-d,  figure  48). 
This  section  was  orientated  by  polishing  and  etching  the  basal  surface  of 
the  colony  and  marking  the  position  of  the  protoecium  and  primary 
buds.  The  section  was  then  ground  as  nearly  as  possible  in  the  marked 
direction.     A  primary  bud  is  very  clearly  shown  (/).      x  17. 

Figure  21. — Transverse  section  in  the  plane  of  a-a^  figure  47.  The  primary 
buds  are  very  dintinct.      x  17. 

Figure  22. — Similar  section  of  another  specimen,  cutting  the  proximal  end 
of  the  ancestrula.      x  17. 

Figure  28.— Transverse  section  of  a  very  slender  base.  Section  in  abont 
the  same  plane  as  22.      x  17. 

Figure  24. — Section  in  the  plane  of  5-6,  figure  47.  Ancestrula  very  dis- 
tinct.     X  17. 

Figure  25. — Longitudinal  section  of  a  base  from  which  the  substratum  was 
absent,      x  17. 

Figure  26, — Transverse  section  in  the  plane  of  d-d,  figure  47,  showing  the 
proximal  ends  of  two  buds  of  the  second  tier  (z,  z')  (cf .  fig.  18).      x  17. 

Figure  27. — Protoecium  and  ancestrula  of  Retepora  phoenicea  from  St. 
Vincent*s  Gulf,  Australia,      x  27. 

Figure  28. — Ancestrula  and  three  primary  buds  (i,  ^,  3)  of  Retepora  phcB- 
nirea.      x  29. 

Figure  29. — Profile  view  of  protoecium  and  ancestrula  of  another  specimen 
of  Retepora  phoenicea.      x27. 
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Figure  30. — Protoecram,  ancestmla,  and  primary  bud  of  Tulmlipora.     After 

Barrois.      x  27. 
Figure  31, — Same ;  seen  from  the  under  surface,      x  27. 
Figure  32. — Ancestmla  and  primary  bud  of  Schizoporella.     x  33. 
Figure  38. — Protoecium  and  primary  zocecia  of  Phylloparina  corticosa  from 

Cannon  Falls,  Minnesota,      x  1.7. 
Figure  34. — ProtoBcium  of  Polypora  from  the  Lower  Helderberg  of  Indian 

Ladder,  New  York,      x  28. 
Figure  35. — Protoecium  of  Thamniscus  from  the  Upper  Coal  Measures  of 

Kansas,      x  17. 

Plate  VII. 

Figdre  36. — Longitudinal  section  of  Fenestella,  in  the  plane  of  /-/,  figure 
48.      X 17. 

Figure  87. — Longitudinal  section  in  the  plane  of  g-g,  figure  48.      x  17. 

Figure  88. — Longitudinal  section  in  the  plane  of  h-h,  figure  48.  This  sec- 
tion shows  remarkably  well  the  shape  of  the  nepiastic  zooecia.      x  17. 

Figure  39. — Longitudinal  section  in  the  plane  of  i-i\  figure  48.      x  17. 

Figure  40. — Transverse  section  in  the  plane  of  a^-a^  figure  47.  Shows  the 
primary  buds  (2,  3).     x  17. 

Figure  41. — Transverse  section  of  another  specimen  in  which  the  primary 
and  secondary  buds  have  a  rather  unusual  arrangement,      x  17. 

Figure  42. — Transverse  section  in  the  plane  of  a'-a\  figure  47  (cf.  fig.  5). 
Same  specimen  as  figures  54-58.      x  17. 

Figure  43. — Transverse  section  in  the  plane  of  6-6,  figure  47.  Shows  the 
proximal  end  of  the  tertiary  bud  (cf .  fig.  10).      x  17. 

Figure  44. — Probable  interpretation  of  figure  39.  Section  in  the  plane  of 
1-t,  figure  48. 

Figure  45. — Semidiagrammatic  drawing  of  a  longitudinal  section  (in  the  plane 
otj-j,  fig.  48)  of  a  specimen  showing  the  ancestrula  and  two  zooecia, 
probably  one  of  the  secondary  buds  and  a  tertiary  bud  (//,  ///).      x  17. 

Figure  46. — Semidiagrammatic  drawing  of  a  longitudinal  section  (in  the 
plane  of  /p-Ar,  fig.  48)  of  the  ancestrula  and  protoecium  of  another  speci- 
men.     X  17. 

Figure  47. — Semidiagrammatic  drawing  from  figure  37.  to  show  the  position 
of  transverse  sections. 

Figure  48. — Semidiagrammatic  drawing  from  figure  43,  to  show  the  position 
of  longitudinal  sections. 

Figure  49. — Ephebastic  zooecia  of  Fenestella.  Specimen  from  Thedford, 
Ontario,      x  17. 

Figure  50. — Nepiastic  zooecium  of  Fenestella.  Specimen  from  Thedford, 
Ontario,      x  17. 

Figure  51. — Neanastic  zooecia  of  Fenestella.  From  the  proximal  portion  of 
the  cone  of  the  same  specimen  as  that  shown  in  figure  38.      x  17. 

Figure  52. — Ephebastic  zooecia  of  Fenestella  acmea  from  the  Waldron  shale 
of  Tarr  Hole,  Indiana  (cf.  fig.  51).      x  17. 

Figure  53. — Ephebastic  zooecia  of  Protocrisina  exigna  Ulr.  from  the  Tren- 
ton limestone  of  Montreal.  Canada  (cf.  fig.  50).     After  Ulrich.      x  18. 

Figures  54-58. — Serial  sections  of  a  FenesUlla  base.  Same  specimen  as 
that  shown  in  figure  42,  figure  54  being  the  next  section  above.  Fig- 
ures 55-58  are  successively  higher  sections,      x  1 7. 

Figure  59. — Longitudinal  section  (in  the  plane  of  j-j,  fig.  48)  of  a  Fenestella 
base,  showing  the  shape  of  the  ancestrula  most  often  seen,  and  three 
nepiastic  zooecia  (ZT,  ///,  z").      x  17. 

Fioubb  60. — Semidiagrammatic  drawing  from  figure  59. 
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Art.  XXI. — Age  of  the  Monument  Creek  Formation  ;*    by 

N.  H.  Darton. 

This  contribution  is  an  account  of  additional  evidence  as  to 
the  Oligocene  age  of  the  Monument  Creek  formation,  or  at 
least  of  its  upper  member,  afforded  by  the  discovery  of  Titano- 
theriura  and  other  fossil  bones  at  several  localities. 

On  the  high  divide  between  the  Platte  and  Arkansas  drainage 
basins,  at  the  foot  of  the  Jiocky  Mountains,  there  is  an  extensive 
deposit  of  sands,  gravel  and  clay  to  which  F.  V.  Hayden  gave 
the  name  of  Monument  Creek  group.f  .  This  observer  recog- 
nized the  fact  that  the  group  overlies  the  Laramie  formation 
unconformably,  but  apparently  he  included  in  its  lower  portion 
more  or  less  of  the  beds  later  separated,  as  the  Arapahoe  and 
Denver  formations  in  the  Denver  region.  The  opinion  was 
held  that  it  was  of  early  Tertiarv  age,  but  no  precise  correla- 
tion was  suggested.  In  1873,  rrof.  E.  D.  Cope  examined  a 
portion  of  tiie  deposit  and  found  a  few  bones  in  regard  to 
which  he  made  the  following  statement ::(: 

"The  age  of  the  Monument  Creek  formation  in  relation  to 
the  other  Tertiaries  not  having  been  definitely  determined,  I 
sought  for  vertebrate  fossils.  The  most  characteristic  one 
which  I  procured  was  the  hind  leg  and  foot  of  an  Artiodactyle 
of  the  Oreodon  type,  which  indicated  conclusively  that  the 
formation  is  newer  than  the  Eocene.  From  the  same  neigh- 
borhood and  stratum,  as  I  have  every  reason  for  believing,  tlie 
fragment  of  the  Megaceratops  coloradoensis  was  obtained. 
This  fossil  is  equally  conclusive  against  the  Pliocene  age  of  the 
formation,  so  that  it  may  be  referred  to  the  Miocene  until 
further  discoveries  enable  us  to  be  more  exact." 

Doubtless  Professor  Cope  regarded  the  fauna  as  belonging 
in  the  White  Kiver  group,  which  is  now  generally  considered 
to  be  Oligocene.  He  added  nothing  regarding  the  precise 
locality,  or  stratigraphic  position  of  the  fossils.  So  far  as  I 
can  find,  no  further  paleontological  evidence  has  since  been 
offered,  regarding  the  age  of  the  formation.  A  brief  account 
of  the  Monument  Creek  formation  was  given  by  G.  H.  Eldridge, 
in  the  "  Geology  of  the  Denver  Basin. "§  The  true  strati- 
graphic  limits  of  the  formation  in  relation  to  the  underlying 

*  Pnblished  by  permission  of  the  Director  of  the  United  States  Q^ologioal 
Survey. 

f  PreUminary  field  report  of  U.  S.  Geological  Survey  of  Colorado  and  New 
Mexico,  1869,  p.  40. 

J  [7]  Annual  Report  of  the  United  States  Geological  and  Geographical 
Survey  of  the  Territories,  embracing  Colorado,  Report  for  1878,  by  F.  V. 
Hayden,  p.  430. 

g  United  States  Geological  Survey,  Monographs,  vol.  xxvii,  pp.  252-254. 
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Laramie,  Arapahoe  and  Denver  formations  were  recognized, 
and  it  was  shown  that  the  formation  consists  of  two  distinct 
members  separated  by  a  well-defined  break  in  deposition.  The 
lower  member  lies  on  an  uneven  floor  of  Denver  formation 
at  the  north  and  Laramie  to  the  southeast.  It  displays  ^'marked 
regularity  in  the  succession  of  its  beds,  excepting  at  the  base, 
where,  owing  to  the  uneven  floor,  the  material  varies  from 
conglomerate  tlirough  sandstone  to  arenaceous  shale.  A 
short  distance  above  the  base  are  two  broad  bands  of  green 
shale  separated  by  one  of  pink  and  capped  by  a  tine  grit,  or 
sandstone,  which  is  soft  and  friable  and  easily  disintegrates." 
The  thickness  is  estimated  to  be  about  900  feet.  The  sand- 
stones and  grits  of  the  lower  member  are  mostly  of  granite 
debris.  The  upper  member  consists  of  sandstones  and  shales, 
with  numerous  beds  of  conglomerate,  and  between  the  tw^o 
there  are  local  deposits  of  rhyolitic  tuff,  in  places  40  feet  thick, 
which  are  quarried  extensively  for  building  stone  near  Castle 
Kock.  In  the  lower  part  of  the  upper  member  many  frag- 
ments of  this  rhyolitic  tuff  occur,  a  feature  which  is  notably 
displayed  in  the  breccia  and  conglomerate  capping  the  butte 
known  as  Castle  Rock.  The  thickness  of  the  upper  member 
is  estimated  by  Eldridge  at  about  400  feet.  In  portions  of 
the  area,  I  have  observed  that  in  the  lower  member  there  are  . 
extensive  deposits  of  massive  clay,  very  similar  in  appearance 
and  properties  to  the  fullers  earth  which  is  characteristic  of 
the  Chadron  formation,  or  Titanotherium  beds,  of  the  White 
fliver  group  in  the  Big  Bad  Lands  of  South  Dakota  and 
elsewhere. 

In  the  general  resume  of  the  geology  in  the  Monograph  on 
the  Denver  Basin, ^  Mr.  Emmons  suggests  that  tlie  vertebrate 
remains  of  Miocene  age  probably  were  from  the  lower  mem- 
ber of  the  formation  and  that  the  upper  member  might  be 
correlated  with  the  Pliocene.  This  suggestion  was  based  on 
the  fact  that  the  uppermost  Tertiary  deposits  in  the  eastern 
portion  of  Colorado  are  of  Pliocene  age,  and  in  the  region 
north  of  the  Platte  River  they  lie  unconformably  on  Wliite 
River  beds.  Mr.  Emmons  recognized  the  fact  that  these  beds 
differ  somewhat  from  Monument  Creek  beds  in  character,  yet 
this  could  be  explained  by  the  proximity  of  the  Monument 
Creek  formation  to  shore  lines  along  the  mountain  front. 

Two  years  ago,  while  examining  the  southern  portion  of  the 
Monument  Creek  area,  I  obtained  from  the  conglomerate  four 
miles  northwest  of  Calhan,  the  distal  end  of  a  large  humerus 
which  Dr.  F.  A.  Lucas  has  identified  as  Titanotherium.  This 
conglomerate  is  the  upper  member  of  the  formation  and  caps 
a  long  line  of  buttes  and  extensive  plateaus.     A  number  of 

*Loc.  cit.,  p.  39. 
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bones  have  also  been  collected  for  me  along  the  valley  of 
Cherry  Creek,  half  way  between  Castle  Rock  and  Elizabeth, 
consisting  mainly  of  bones  of  titanotherium.  They  were 
obtained  at  many  localities  and  all  from  the  sandstones  of  the 
upper  member  of  the  formation.  A  fragment  of  a  lower  jaw 
01  titanotherium  was  the  most  distinctive  fossil  obtained.  It 
was  found  in  the  upper  beds,  at  Kaumpfer's  ranch,  7  miles 
southwest  of  Elizabeth.  In  Wild  Cat  Canyon,  6  miles  west- 
by-south  of  Elizabeth,  were  found  fragments  of  a  jaw  and  the 
distal  ends  of  a  titanotherium  tibia  and  humenis.  Portions  of 
a  lower  jaw  of  hyracodon,  apparently  7iebra8en8is^  were  found 
in  a  well  at  Anderson's  place  6  miles  south-southwest  of  Eliza- 
beth, together  with  various  turtle  bones.  All  of  this  material 
appears  to  have  been  obtained  from  the  upper  beds  and  it  cor- 
relates these  beds  with  the  Chadron  formation  of  the  White 
River  group,  or  Oligocene.  No  evidence  was  obtained  as  to 
the  age  of  the  lower  member,  but  the  fullers  earth,  as  before 
mentioned,  is  similar  to  that  which  is  so  characteristic  in  other 
areas.  The  presence  of  the  unconformity  between  the  upper 
and  lower  members  suggests  that  the  latter  may  be  of  Wasatch 
or  Bridger  age.  The  nearest  locality  to  the  Monument  Creek 
area,  at  which  Oligocene  deposits  occur  in  eastern  Colorado,  is 
in  the  vicinity  of  Akron  and  Fremont's  Butte,  where  titano- 
therium remains  occur  in  abundance.  Farther  north,  in  the 
region  about  Pawnee  Buttes,  there  are  well-known  localities 
of  the  titanotherium  and  overlying  beds.  In  the  low  inter- 
vening area,  east  and  southeast  of  Denver,  Oligocene  deposits 
are  absent,  but  it  is  probable  that  originally  they  extended  con- 
tinously  from  the  vicinity  of  Akron  to  the  foot  of  the  Rocky 
Mountains  in  the  Monument  Creek  area.  There  is  much  evi- 
dence throughout  the  Great  Plains  region  that  the  Oligocene 
deposits  were  originally  of  wide  extent,  for  outliers  occur  along 
the  mountain  slopes  and  in  many  widely  separated  areas.  They 
have  been  subjected  to  extensive  degradation  in  Miocene, 
Pliocene  and  later  times  and  probably  removed  from  large 
districts,  especially  in  the  wider  valleys.  In  my  recent  report 
on  the  Great  Plains,*  there  is  given  a  map  showing  their  pres- 
ent distribution  and  probably  former  great  extent. 

*  United  States  Geological  Survey,  Professional  Paper  No.  82,  pi.  xliv. 
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Art.  XXII. — The  lodonietric  Determination  of  Aluminium 
in  Aluminium,  Chloride  and  Alu?ni7iium  Sulphate^'  by 
S.  E.  Moody. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — cxxxviii.] 

A  PROCESS  for  the  gravimetric  determination  of  alumina  in 
salts  of  aluminium  has  been  described  by  Stock,*  who  bases 
the  method  upon  the  reaction  represented  by  the  following 
equation : 

A1,(S0  J.  +  SKI  +  KIO,  +  3H,0 
=  2Al(OH),  +  3K,SO,  +  6l 

This  equation  would  show  that  iodine  is  liberated  when 
potassium  iodate  and  potassium  iodide  are  together  added  to 
a  solution  of  aluminium  sulphate.  It  was  found,  however,  that 
in  the  action  of  the  iodide-iodate  mixture  upon  a  solution  of 
potassium  alum,  only  about  two-thirds  of  the  iodine  corre- 
sponding to  the  aluminium  salt  is  accounted  for  ;  and  this  sug- 
gests that  the  reaction  is  not  completed  according  to  the 
equation,  and  that  the  precipitate  formed  is  not  the  simple 
hydroxide.  Upon  ignition  the  precipitate  yields,  however,  the 
total  amount  of  alumina  present ;  and,  since  the  character  of 
the  precipitate  is  good,  the  process  is  easily  managed  and  gives, 
as  Stock  has  said,  an  excellent  gravimetric  method  for  the 
determination  of  alumina. 

Taking  aluminium  chloride,  AlCl, .  6H,0,  and  proceeding 
in  the  same  manner,  similar  results  are  obtained,  and  after  dis- 
solving the  precipitate  in  sulphuric  acid  and  adding  silver 
nitrate  to  the  dilute  solution,  a  decided  precipitate  of  silver 
chloride  is  observed,  which  upon  washing,  drying  and  weigh- 
ing is  found  to  be  about  one-third  of  the  amount  of  that  sub- 
stance corresponding  to  the  original  aluminium  chloride.  This 
indicates  that  it  is  an  oxychloride  wliich  is  formed  on  the  addi- 
tion of  potassium  iodide  and  iodate ;  moreover,  upon  removing 
by  sodium  thiosulphate  the  iodine  first  set  free  in  the  action 
and  allowing  the  mixture  to  stand,  progressive  hydrolysis  takes 
place  as  shown  by  the  return  of  color  due  to  iodine,  and  this 
change  can  be  still  further  hastened  by  heating  after  adding 
an  excess  of  sodium  thiosulphate  to  take  up  the  iodine  as  lib- 
erated. The  attempt  was  made,  therefore,  to  complete  the 
reaction  between  the  iodide-iodate  mixture  and  the  alurahiium 
chloride,  or  alum,  by  heating  the  solution  in  a  Voit  flask 
through  which  steam  or,  still  better,  hydrogen  was  passed,  as 
an  aid  in  the  transfer  of  the  iodine  liberated  to  a  receiver 

*Ber.  DtBch.  Chem.  Ges.,  1900,  xzziii,  i,  p.  548. 
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charged  with  a  solntion  of  potassiam  iodide.     The  iodine  col- 
lected was  titrated  with       sodium  thiosulphate. 

Table  I  gives  results  obtained  by  this  method.  The  details 
of  the  experiments  in  which  steam  was  used  as  an  agent  to 
force  the  iodine  over  are  given  in  section  A,  while  those  of  the 
experiments  in  which  hydrogen  was  employed  are  indicated  in 
section  B. 

Table  I. 


Approx. 

* 

Aluminium 
chloride 

HJLO,. 

KI. 

1 

1 

!   Time  in 

Approx.  ^^ 

A1,0, 
calculated 

■ 

Diff. 

solution. 

grm. 

grm. 

!  minutes. 

1 

NaaS«0,. 

grm. 

grm. 

cm*. 

1 

A 

cm». 

25 

()-3 

1-0 

25 

25-05 

00427 

—00007 

25 

0-3 

1-0 

90 

2515 

0-0428 

—  0-0000 

B 

25 

0-3 

1-0 

20 

25-05 

0-0427    . 

—0-0007 

25 

0-3 

10 

'        15 

25-10 

0-0428    , 

—  00006 

25 

0-3 

1-0 

15 

25-00* 

00426 

-0-0009 

25 

0-3 

1-0 

1        15 

25-00* 

0-0426    , 

—0-0009 

In  each  of  these  experiments  the  iodide-iodate  mixture  was 
made  by  exactly  neutralizing  iodic  acid  with  potassium  hy- 
droxide, adding  a  minute  crystal  of  the  iodic  acid,  introducing 
the  potassium  iodide  in  solution  and  taking  up  with  a  drop  or 
two  of  sodium  thiosulphate  the  iodine  set  free.  This  mixture 
was  put  into  the  Voit  flask  together  with  the  aluminium  chlor- 
ide, and  the  whole  was  heated  in  the  current  of  steam  or 
hydrogen. 

Applying  the  process  to  a  solution  of  potassium  alum  the 
results  recorded  in  the  following  table  were  obtained. 

Table  II. 


Approx.  -"- 
Aluminium 

1 
1 
1 

KIO3. 

1 
KI 

Time  in 

1 
Approx. 

1 

"  1  A1,0, 

U)  calcu-     AlaOs 

Diff. 

potassium 

grm. 

grm. 

minutes. 

NaaS,0, 

.    ;  lated.   foiuid. 

grm. 

alum. 

cm^. 

grm.       grm. 

cm^. 

-    — 

,    0-3 

10 

30 

24*55 

25 

0-0410  0-0414 

—  0-0004 

25 

0-3 

1-0 

30 

24-60 

0-0411  0-0416 

—  0-0005 

25 

!   0*3 

1-0 

25 

'      24-50 

0-0409  0-0414 

—  0-0005 

25 

0-3 

1-0 

30 

,      24-70 

0-0413  0-0416 

—  0-0003 

25 

0-3 

1-0 

35 

!      24-50 

0-0409  00415 

—  0-0006 

25 

'   0-3 

1-0 

30 

24-55 

0-0410  0-0416 

—0-0005 

25 

0-3 

.    1-0 

25 

24-50 

0-0409  0-0415 

—0-0006 

*  New  standard. 
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In  Table  III  are  shown  results  of  the  application  of  the 
process  to  an  ammonium  alum. 

Table  III. 


Approx.  ~ 

Ammoniam 

alum. 

cm**. 


26 

25 

25 

25 

25* 

25* 

25 

25 

25 

25 


KIO,. 

Kl. 

gnu. 

grm. 

0-3 

1-0 

0-3 

1-0 

0-3 

1-0 

0-3 

1-0      j 

0-3 

10      1 

0-3 

1-0      1 

0-3 

1-0 

0-3 

1-0 

0-3 

2-0 

0-3 

2-0 

Approx. 


n 


Time  in    '^^^         10 
miuntes.     NaaSjOj. 


cm* 


20 
15 
20 
25 
12 
12 
20 
25 
25 
20 


25-20 

25-17 

25-lOt 

25-20t 

25-70 

24-65 

25-20t 

25-15:: 

25-20:: 
25-15:: 


AlaO, 

calculated 
grm. 


0-0429 
0-0429 
0-0427 
0-0429 
0-0421 
0-0420 
0-0430 
0-0429 
0-0430 
00429 


Diff. 
grm. 

+  0-0007 
+  0-0007 
+  0-0005 
+  0-0007 
—0000 1 
—0-0002 
+  0-0008 
+  0-0007 
+  0-0008 
+  0-0007 


These  results  proved  to  be  too  high  and  led  to  the  conclu- 
sion that  the  ammonium  sulphate  was  acted  upon  by  the  iodic 
mixture,  liberating  an  additional  portion  of  iodine.  Experi- 
ments with  ammonium  sulphate  verified  the  supposition,  and 
the  process  is,  therefore,  less  accurate  in  the  presence  of 
ammonium  salts.  In  fact,  ammonium  sulphate  in  the  amounts 
taken  may  be  completely  hydrolyzed  in  the  course  of  three 
hours,  about  one-half  of  the  iodine  liberated  by  the  sulphuric 
acid  formed  in  the  hydrolysis  being  available  for  estimation 
under  the  conditions  of  the  foregoing  determinations.  When, 
however,  the  distillate  is  collected  in  a  solution  of  potassium 
iodide  containing  sufficient  acid  to  combine  with  the  ammonia 
volatilized,  iodine  is  liberated  in  amount  ecjuivalent  to  the 
entire  quantitv  of  sulphates  present,  and  may  be  titrated  with 
sodium  thiosulphate. 

The  reaction  between  iodine  and  ammonia  in  alkaline  solu- 
tion, and  the  hydrolysis  of  ammonium  salts,  are  undergoing 
further  investigation  by  the  writer. 

The  attempts  to  obtain  a  complete  reaction  by  heating  the 
mixture  in  a  pressure  bottle  showed  that  the  results  of  this  pro- 
cedure are  low,  although  but  slightly  deficient,  and  cannot  be 
used  for  estimating  correctly  the  amount  of  aluminium  salt  in 
the  solution. 

The  following  method  can  be  recommended  as  one  giving 
constant  results  which  correspond  closely  with  the  gravimetric 


*  Liquid  in  Voit  flask  not  clear, 
f  New  standard. 
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determinations  and  the  theoretical  amount  of  alumina  in  neu- 
tral  aluminium  chloride,  sulphate,  or  alum,  little  time  being 
necessary  for  a  single  determination  : 

Measure  25*^*  of  the  approximately  solution  of  the  neu- 
tral aluminium  salt  to  be  analyzed  into  a  Voit  flask  and  to  this 
add  a  mixture  of  10*^*  of  a  solution  of  neutral  potassium  iodate 
(30  grms.  to  a  liter)  and  1"0  grm.  potassium  iodide.  Pass  a  cur- 
rent of  hydrogen  through  the  liquid  and  heat  for  fifteen  to 
twenty-five  minutes,  or  until  the  solution  is  nearly  colorless, 
collecting  the  iodine  liberated  in  a  Drexel  flask,  about  half  full 
of  water,  in  which  3  grms.  of  potassium  iodide  is  dissolved. 
Titrate  with  sodium  thiosulphate  the  iodine  in  the  Drexel 
flask  and  that  which  remains  in  the  solution  in  the  Voit  flask, 
and  calculate  the  amount  of  alumina,  A1,0„  corresponding  to 
the  iodine,  61,  liberated. 

The  writer  wishes  to  thank  Professor  F.  A.  Gooch  for 
friendly  assistance  during  this  investigation. 
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Art.  XXIII. — The  Secondary  Origin  of  Certain  Granites; 
by  Reginald  A.  Daly,  Ottawa,  Canada. 

[Pablished  by  permieeion  of  the  Chief  Commissioner  for  Canada,  Interna- 
tional Boundary  Surveys.] 

Contents. 
General  thesis  of  the  prti>er. 

A.  The  Sills  of  the  British  Columbia  (International)  Boundary. 

The  Moyie  Sill. 
Field  Hypothesis. 

B.  Occurrences  in  Minnesota. 

(a)  Pigeon  Point. 

(6)  Governor's  Island. 

(c)  Lake  Superior  islands  and  Logan  sills. 

(d)  Cook  County,  Lake  County  and  other  localities. 

C.  The  Sudbury  intrusive  sheet. 
Synthetic  discussion. 

Magmatic  assimilation. 

Summary. 

Asymmetry  of  the  intrusive  bodies. 
Magmatic  Differentiation. 
General  Application. 

General  thesis  of  the  paper. — Igneous  rocks  originate  in 
magmas.  The  discovery  of  the  laws  governing  the  immediate 
derivation  of  such  rocks  from  their  parent  magmas  is,  there- 
fore, not  the  final  aim  of  the  geologist.  He  is  logically  com- 
pelled to  refer  rocks  themselves  to  the  yet  more  fundamental 
problem  of  the  origin  of  igneous  magmas.  Whence  come  the 
raw  materials  of  basalt,  gabbro,  porphyry  or  granite  ? 

One  of  the  earliest  answers  to  this  question  has  been  grad- 
ually assuming  a  systematic  statement  in  the  form  of  the 
'•assimilation  theory".  This  theory  holds  that  some  igneous 
rocks  are  derived  from  the  compound  magmas  formed  by  the 
local  fusion  of  solid  rock  in  molten  rock  of  a  different  chemical 
composition.  The  process  can  be  imitated  in  the  laboratory 
furnace,  and  has  certainly  operated  on  many  igneous  contacts 
in  nature.  Yet  one  of  the  very  latest  utterances  of  one  of  the 
world's  greatest  petrologists  reads  thus :  "  The  untenability 
of  the  'assimilation'  or  fusion  theory  I  regard  as  definitely 
proved."*  On  the  other  hand,  a  no  less  well  known  authority 
claims  assimilation  on  a  large  scale  as  a  necessary  stage  in  the 
preparation  of  the  Christiania  granite.f  Brcigger  and  many 
of  his  followers  hold  that  the  contact  phenomena  of  this  granite 
show  that  the  assimilation  theory  breaks  down  even  when 
applied  to  a  most  favorable  case. 

***Die  Unhaltbarkeit  der  *  Assimilations '-  oder  Einschmelzungs-Theorie 
betnichte  ich  als  endgtiltig  bewiesen."— J.  H.  L.  Vogt,  Die  Sillkatschmelz- 
iSsungen,  Part  IL,  Christiania,  1904,  p.  225. 

f  F.  Loewinson-Lessing,  Comptes  Rendus,  7th  Session,  International  Geo- 
logical Congress,  1899,  p.  369. 
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This  divergence  of  view  is,  of  course,  due  to  the  lack  of 
definite  knowledge  of  the  vital  conditions  controlling  the 
activities  of  such  an  intrusive  body  as  the  Christiania  granite. 
The  study  of  its  accessible  contacts  can,  of  itself  alone,  furnish 
neither  proof  nor  disproof  of  the  doctrine  of  wholesale  assimi- 
lation. Without  the  aid  of  other  geological  data  the  attempt 
to  solve  the  problem  is  like  the  attempt  to  produce  graphically 
a  complex  curve  of  which  but  two  points  are  known  and  fixed. 
Deep-seated  assimilation  about  any  magma  chamber  can  only 
be  finally  discussed  and  evaluated  if  the  complete  form  of  the 
chamber  and  the  complete  composition  of  its  rock-filling  are  at 
least  tolerably  known. 

The  present  paper  furnishes  a  brief  discussion  of  a  number 
of  cases  where  it  is  believed  that  magmatic  assimilation  on  a  com- 
paratively large  scale  has  taken  place.  It  is  believed,  further, 
that  the  geological  conditions  in  these  cases  supply  elements 
generally  untouched  in  earlier  discussions  of  the  doctrine.  The 
original  magma  had  the  composition  of  a  gabbro  intruded  in 
the  manner  of  sills;  the  invaaed  formations  are  ancient  sand- 
stones, both  normal  and  feldspathic,  with  associated  argillites 
or  schists;  the  invaded  formation,  in  every  case,  is  more  acid 
than  the  gabbro ;  the  product  of  assimilation  is  always  a  granite 
graduating  into  granophyre.  The  acid  magma  is  believed, 
however,  to  have  been  derived  indirectly  from  the  compound 
magma  of  assimilation  through  a  systematic  kind  of  differen- 
tiation. The  primary  cause  of  tlie  differentiation  is  referred 
to  the  perfect  or  nearly  perfect  density  stratification  of  each 
magmatic  chamber. 

The  result  of  the  investigation  has  been  to  confirm  the 
writer's  general  theoretical  conclusions  on  the  subject  of  assi- 
milation where  it  was  necessarily  introduced  among  the  tests 
of  the  hypothesis  of  magmatic  stoping*.  Assimilation  and 
differentiation  are  not  antagonistic  processes ;  both  of  them  are 
involved  in  the  secondary  origin  of  some  granites. 

A.   TTie  Sills  of  the  British  Columbia  {International)  Boundary, 

During  the  field  season  of  1904  the  writer  developed  a  geo- 
logical structure  section  along  the  49th  parallel  of  latitude 
between  Port  Hill,  Idaho,  and  Gateway,  Montana,  the  two 
points  where  the  Kootenay  River  crosses  the  boundary  line 
Detween  Canada  and  the  United  States.  It  was  found  that 
the  mountains  traversed  by  the  section  are  for  the  most  part 
composed  of  two  very  thick  siliceous  sedimentary  formations 
which,  in  all  probability,  are  of  pre-Cambrian  age.  The  two 
are  conformable. 

The  lower  formation  has  been  called  the  Creston  quartzite. 
It  is  a  remarkably  homogeneous,  highly  indurated  light-  to 
medium-gray  sandstone,  generally  thick-platy  in  structure  but 

♦  This  Journal,  xv,  269,  1908,  and  xvi,  107,  1908. 
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occasionally  interrupted  by  thin  intercalations  of  argillaceous 
material.  The  formation  is  generally  composed  of  nearly  pure 
quartz  with  a  little  mica,  but  some  bands  are  feldspathic  to  a 
notable  extent.  Tlie  total  thickness  of  the  formation  is  at  least 
9900  feet  in  the  vicinity  of  Port  Hill ;  its  base  was  not  directly 
observed. 

Immediately  overlying  the  Creston  quartzite  is  the  conform- 
able Kitchener  quartzite,  composed  of  about  7400  feet  of  a 
highly  ferruginous  indurated  sandstone.  This  formation  is,  in 
the  field,  distinguished  from  the  Creston  quartzite  not  only  by 
the  rusty  color  of  the  outcrops  but  also  by  a  relatively  thinner 
bedding  and  a  greater  proportion  of  micaceous  cement,  once 
somewhat  argillaceous.  Individual  beds  of  the  Kitchener 
quartzite  are  charged  with  detrital  feldspar,  but  the  formation 
as  a  whole  is  essentially  composed  of  cemented  quartz  grains. 

Dark-colored  red,  brown,  and  gray  shales  with  thin  inter- 
calations of  gray  quartzite  conformably  overlie  the  Kitchener 
quartzite.  The  series,  totalling  3200  feet  in  thickness,  has 
been  grouped  under  the  name  of  the  Moyie  argillite.  This 
formation  appears  but  twice  in  the  section  and  then  only  in 
comparatively  small  areas. 

This  great  group  of  formations,  from  end  to  end  of  the  sec- 
tion, has  been  mountain-built.  A  few  open  folds  broken  by 
faulty  appear  in  the  eastern  half  of  the  belt,  but  the  deforma- 
tion has  generally  been  due  to  the  tilting  of  monoclinal  blocks 
separated  by  strong  normal  faults  and,  more  rarely,  by  thrusts. 
The  tilting  ranges  though  all  angles  up  to  verticality,  but  the 
average  dip  is  less  than  forty-five  degrees.  In  consequence  of 
the  deformation  and  subsequent  denudation  the  edges  of  some 
20,000  feet  of  well-bedded  ancient  sediment  are  now  exposed 
for  study.  There  have  also  come  to  light  a  number  of  thick 
sills  of  gabbro  intruded  at  various  horizons  into  the  Kitchener 
quartzite  and  the  upper  part  of  the  Creston  quartzite.  The 
intrusion  and  crystallization  of  the  gabbro  is  believed  to  have 
taken  place  before  the  upturning  of  the  sedimentaries.  The 
faulting  and  tilting  has  repeated  the  outcrops  of  certain  of  the 
sills.  One  of  the  thickest  of  them  has,  along  with  the  quartz- 
ites,  been  warped  into  one  of  the  rare  synclinal  folds.  The 
thickness  of  the  sills  varies  from  100  feet  to  more  than  2500 
feet. 

The  main  mass  of  each  sill  was  uniformly  found  to  consist 
of  a  hornblende  gabbro  with  essential  green  (primary)  horn- 
blende and  plagioclase  (labradorite  to  anorthite,  the  latter  in 
the  cores  of  occasionally  zoned  feldspars).  Accessory  quartz, 
often  in  considerable  amoimt,  always  accompanies  the  other 
accessories,  which  are  titan ite,  titaniferous  magnetite,  and  apatite 
with  often  a  little  biotite  and  sometimes  a  little  orthoclase  in 
addition.      Epidote  and  chlorite  are  the  principal  secondary 
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mincralB.     The   structure   of   tho   rock    is   typically   hypidio- 
morpliic-granular. 

Already  in  those  sills  tliat  range  from  400  to.  500  feet  in 
tbieknesa,  tlie  gabbro  is  acidified  near  its  upper  contact.  The 
change  from  the  normal  composition  is  seen  in  the  great  increase 
of   biutite,   ortboclase,    inicroperthite   and   interstitial   quartz. 


FiQ.  1.  Map  of  Moyie  Sill,  taken  from  platie-tnble  sheet  of  the  Interna- 
tional Botmdary  CommiBsion.  1.  Moyia  argillite.  2.  Kitchener  quartzitp. 
3.  Homblenda  gabbro  sill.  4.  Acidified  (granite)  zone  of  Bill.  5.  Creston 
qnHrtEite.  0.  Allnvinm.  Conventional  sign  for  strike  and  dip.  Scale : 
one  inch  =  abont  one  mile. 

Biotite  and  quartz  then  assume  the  proportions  of  essential 
minerals.  The  quartz  is  cliaracteristically  in  poikilitic  relation 
to  all  the  other  constituents  except  ortboclase  and  micropM-- 
tbite,  with  which  it  is  in  true  micrographiciiitergrowth.  From 
this  raicropegmatite- bearing  phase  of  the  intrusive  there  is  a 
gradual  transition  to  the  normal  gabbro  which  thus  compoBes 
the  lower  three-fourths  or  fonr-fifths  of  the  sill. 
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The  Moyie  Sill. — The  acidification  of  the  upper  zone  of  the 
gabbro  being  generally  in  a  direct  ratio  to  the  strength  of  the 
sill,  the  phenomenon  is  specially  marked  in  the  greatest  of  all 
the  intrusioDB.  On  account  of  its  importance  botli  in  size  and 
charneter,  this  rock-body  is  called  the  "  Moyie  Sill,"  the  name 
referring  to  its  situation  on  the  Moyie  River.  A  map  and  sec- 
tion of  this  sill  are  given  in  figs.  1  and  2,  which  illustrate  one 
of  the  fault-blocks  so  characteristic  of  this  part  of  the  Boundan- 
belt.*  The  sill  is  rather  more  than  2500  feet  in  thickness.  It 
follows  the  bedding  of  the  Kitchener  quartzite,  which  here  dips 
about  sixty  degrees  to  the  eastward.  The  intrusive  mass  is 
seen  to  be  cut  off  at  its  northern  end  by  a  master-fault  which 
has  dropped  the  Moyie  argillite  down  into  contact  with  the 


Fia.  2.  Section  of  Moyie  Sill,  along  line  of  the  Intamational  Boandaiy. 

gabbro.  This  faulting  is  believed  to  have  occurred  after  the 
sill-intnision.  There  is  a  complete  lack  of  contact  metamor- 
phism  in  the  argillite  where  it  adjoins  the  gabbro. 

Since  the  Moyie  sill,  throughout  the  six  mites  of  linear  out- 
crop studied,  is  in  intrusive  contact  with  the  Kitchener  quartz- 
ite alone,  the  other  sedimentary  formations  need  not  here  be 
described  in  detail.  The  Kitchener  quartzite  is,  on  the  whole, 
a  homogeneous  terrane.  On  a  fresh  fi'acture  the  rock  is  seen 
to  be  a  fine-grained,  vitreous,  light  to  darkish  gray,  well-bedded 
but  tough,  metamorphic  sandstone,  sphtting  witii  some  readi- 
ness along  the  darker  colored  layers.  The  rusty  color  of  the 
joint-surfaces  and  bedding  planes  is  due  to  the  leaching  out  and 
subsequent  deposition  of  the  iron  contained  in  the  pjrite,  mag- 
netite, etc.,  disseminated  through  the  rock. 

Under  the  microscope  the  rock  is  always  seen  to  be  essen- 
tially a  fine-grained  aggregate  of  interlocking  quartz  grains, 
seldom  showing  any  direct  traces  of  their  detrital  origin.  The 
quartz  mosaic  is,  in  everj'  thin  section,  shot  through  with 
abundant  crystals  of  biotite  which  is  often  developed  in  pheno- 
eryst-Hke  individuals  occasionally  as  much  aa  one  centimeter 
in  diameter.  Sericitic  rauscovite  is  seldom  absent  as  an  essen- 
tial, and  sometimes  rivals  the  biotite  in  abundance.  Only 
'Allttie  lius-drawiugs  used  iu  illDatration  of  thii  paper  have  been  made 
for  tbe  rooat  part  by  the  aid  of  a  typewriter,  provided  with  a  few  special  keys. 
The  machine  pennita  of  a  great  saving  of  time  in  tbe  preparation  of  the 
raaniiKript  drawings.     Cf.  this  Journal,  vol.  xiz,  1B05,  p.  227. 


190    R.  A,  Daly—  Secondary  Origin  of  Certain  Granites. 

rarely  is  feldspar  essential ;  in  one  slide  it  seems  to  compose 
ten  to  fifteen  per  cent  of  the  rock.  So  far  as  observed,  the 
feldspar  of  the  staple  qnartzite  is  orthoclase.  No  sodiferous 
mineral  has  been  certainly  determined  in  the  rock.  Epidote, 
zoisite,  titanite,  magnetite,  leucoxene,  pyrite  and  zircon,  besides 
chloritjB,  secondary  after  biotite,  are  the  other,  always  subordi- 
nate, constituents. 

In  marked  contrast  to  the  normal  quartzite  is  the  rock  col- 
lected at  a  point  thirty  feet  from  the  upper  contact  of  tlie 
Moyie  sill.  It  is  a  very  hard,  vitreous,  massive,  lieht  bluish 
gray  quartzite  carrying  much  feldspar.  The  whole  rock 
seems  to  have  been  recrystallized.  The  granular-mosaic  struc- 
ture has  been  largely  replaced  by  poikilitic  and  micrographic 
structures.  Quartz  is  thus  either  regularly  intergrown  with 
feldspar  or  else  encloses  non-oriented  individuals  of  the  same 
mineral.  The  feldspar  proved  to  be  orthoclase,  albite  and 
microperthite,  named  in  the  order  of  their  relative  abundance. 
Biotite  and  sericitic  muscovite  are,  as  usual,  in  considerable 
amount.  A  little  magnetite  and  a  few  minute  crystals  of  ana- 
tase  are  the  subordinate  minerals.  The  characters  of  this  con- 
tact phase  point  to  the  thorough  metamorphism  and  notable 
feldspathization  of  the  quartzite  in  the  external  contact  zone 
of  the  gabbro. 

The  main  mass  of  the  sill-rock  has  the  composition  noted 
above  as  found  in  the  sills  generally.  The  grain  is  here 
medium  to  coarse,  the  structure  hypidiomorphic-granular. 

At  the  lower  contact  the  grain  of  the  gabbro  is  somewhat 
finer  than  in  the  interior  of  the  sill,  but  the  rock  is  still 
medium -grained  and  never  compact.  At  the  same  time,  inter- 
stitial and  poikilitic  quartz,  along  with  biotite,  orthoclase  and 
microperthitic  feldspar,  are  increased  in  amount.  There  is 
thus  some  acidification  of  the  sill  at  its  lower  contact,  though 
the  rock  is  still  gabbroid  in  macroscopic  appearance  and  has 
hornblende  and  plagioclase  (andesine  to  labradorite)  as  the 
chief  constituents.  Acidification  of  this  order  is  visible  for  at 
least  200  feet  from  the  lower  contact.  The  intrusive  rock  is 
yet  more  abundantly  charged  with  quartz,  biotite  and  alkaline 
feldspars  in  the  vicinity  of  the  occasional  xenoliths  torn  from 
the  invaded  quartzites. 

The  conditions  are  different  at  the  upper  contact.  They 
may  be  readily  studied  on  the  wagon-road  that  threads  the 
floor  of  the  western  meridional  valley,  shown  in  fig.  1.  From 
the  upper  contact  inward  for  a  perpendicular  distance  of  alx)ut 
150  feet  the  intrusive  is  a  highly  siliceous  rock,  the  rnineralog- 
ical  composition  of  which  is  shown  in  Table  I  and  Table  II. 
The  structure  of  this  rock  varies  irregularly,  even  in  the  same 
slide,  from  the  hypidiomorphic  granular  of  granite  to  the 
structure  of  granophyre  or  micropegmatite. 
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Table  I. 

Mineralogical  composition  of  Rocks  showing  secondary  deriva- 
tion of  Oranite,     (Essential  minerals  noted  in  italics.) 


Gabbro. 

Hornblende 

Lahradorite 

Quartz 

Titan  ite 

Biotite 

Apatite 


I.  MoYiB  Sill. 
Intermediate  rock. 

Hornblende 

Riotite 

Andesine 

Quartz 

Chlorite 

Titan  ite 

Titanif.  magnetite 

Apatite 


Qranophjre-granitd. 

Riotite 

Soda  orthoclase 
Microperthite 
Micropegmatite 
Quartz 
Andesine 
Muscovite 
Titanif.  magnetite 
Apatite 
Calcite,  epidote,  kaolin 

Country  rocks:  highly  acid  mica-bearing  quartzite,  sometimes 
slightly  feldspathic,  containing  quartz,  biotite  and  muscovite 
(sericite)  as  principal  constituents,  with  orthoclase,  epidote, 
titanite,  magnetite,  pyrite,  zoisite,  chlorite,  leucoxene  and  zircon 
as  subordinate  minerals.  Occasionally  a  thin  layer  or  parting  of 
more  argillaceous  composition. 


Gabbro. 
Olivine 

Diallagic  augite 
Rasic  labradorite 
Apatite 
Titanif.  magnetite 


II.  Pigeon  Point. 
Intermediate  rock. 

Hornblende 

Anorthoclase 

Plagioclase 

Quartz 

Micropegmatite 

Chlorite 

Magnetite 

Apatite 

Rutile 


Granophyre-granite. 

Anorthoclase 

OUgoclase 

Quartz 

Micropegmatite 

Chlorite 

Augite  (occasional) 

Muscovite 

Rutile 

Leucoxene 

Hematite 


Apatite 

Country  rocks:  feldspathic  quartzite  and  slate,  containing 
quartz,  orthoclase,  plagioclase,  chlorite,  green  mica,  biotite,  mag- 
netite, leucoxene.   Feldspar  sometimes  75  per  cent  of  the  quartzite. 

III.  Sudbury  District. 


Norite. 

Hypersthene 

Augite 

Rytovmite 

Quartz 

Biotite 

Hornblende 

Apatite 

Magnetite 

Sulphides 


Intermediate  rock. 
Hornblende  or 

Hypersthene 
Riotite 

Oligoclase-andesine 
Orthoclase 
Microperthite 
Quartz 
Epidote 


Granophyre-granite. 
Riotite 

Orthoclase 
Micropegmatite 
Microperthite 
Microclifie 

OUgoclase 

Quartz 

Epidote 

Ilmenite 

Titanite 


Apatite 
Magnetite 

Country-rocks :  sandstones,  gray  wackes,  slates,  conglomerates, 
greenstODes,  volcanic  tuffs  and  granitoid  gneiss. 
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Table  II. 

Showing  the  weight  percentages  of  minerals  as  determined  by  the  Bosiwal 

method.* 

1.  2.  3.  4.  5.  6.  7. 

Hornblende 58-7     64-8     42  9     494       

Biotite -9       ...        6-6     220       8*9     22*0      15-2 

Labradorite,  )    ^.^     ^    ^^ 

Ab,An-Ab,An.    f    ^^  ®     ^^  ^      

Andesine,  Ab^An, 18*5     16*5       

Oligoclase,  Ab,An, 1-5       1*5       10 

Soda-bearing  ortho-   \     32.^ 

clase    \ 

Microperthite 3*9 

Quartz 4-0       6*8     228     ll"?     57*1     46*0     41-6 

Muscovite 3*2       ...       4-6 

Apatite -2       -3       ...  -5         -2 

Titanite 1*4       2*0       37       

Magnetite -3      1*9  5        TO 

Chlorite 11*0      ... 

Calcite 25         -4      ... 

Total  is  100  in  each  case. 

1.  Normal  unacidified  gabbro  from  sill  about  eleven  miles  east 
of  the  Moyie  sill. 

Nos.  2  to  7  inclusive  are  types  from  the  Moyie  sill,  specimens 
taken  thus  : 

2.  Thirty  feet  from  lower  contact. 

3.  Two  hundred  feet  from  lower  contact. 

4.  Two  hundred  feet  from  upper  contact. 

5.  Fifty  feet  from  upper  contact. 

6.  Forty  feet  from  upper  contact. 

7.  Fifteen  feet  from  upper  contact. 

Table  II  was  constructed  by  the  use  of  the  Rosiwal  method 
for  the  deterniination  of  the  relative  quantities  of  the  diiferent 
constituents.  The  values  are  only  approximate,  owing  to  the 
difficulties  of  exact  measurement  and  identification  of  the  min- 
eral grains.  No  account  was  taken  of  the  sometimes  abundant 
grains  of  epidote,  occasional  grains  of  calcite  (measured  in  one 
instance),  and  often  rather  abundant  scales  of  kaolin  which 
occur  in  the  slides.  These  minerals  are  products  of  the  altera- 
tion of  the  feldspars,  that  alteration  affording  another  diffi- 
culty in  using  the  Kosiwal  method  for  this  suite  of  rocks.  The 
proportions  of  the  micas  are  probably  too  high  on  account  of 
their  not  being  even  approximately  equidimensional.  Though 
these  rocks  ao  not  lend  themselves  to  a  very  satisfactory 
employment  of  the  method,  and  though  the  table  cannot  be 
considered  as  accurate,  the  strong  contrasts  between  the  acid 
and  basic  phases  of  the  sill  are  clearly  evident. 

*  Verh.  Wien.  G^ol.  Reichs-Anst.,  vol.  zxxii,  1898,  pp.  143  ff. 
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Since  the  compositions  of  the  hornblende,  biotite  and  soda- 
bearing  orthoclase  are  not  known,  the  chemical  analyses  can- 
not be  calculated  from  Table  II.  Direct  chemical  analyses  of 
types  Nos.  1  and  7  in  Table  II  have  been  made  by  Professor 
Dittrich,  of  Heidelberg,  and  are  recorded  in  Table  III. 


Table  III. 

1. 

2. 

SiO, 

5r92^ 

71-69;^ 

TiO, 

•83 

-59 

Al,(5. 

14-13 

13-29 

Fe,0    

2-97 

6^92 

•14 

-83 

FeO ._ 

4-23 

MnO 

•09 

MgO 

8-22 

1-28 

CaO 

11  •ss 

1-66 

Na.O 

1-38 

2-48 

K,6 

•47 

2-37 

H,0  (below  110°  C.) 

•10 

•14 

HO  (above  110°C.) 

1-07 

1-31 

P.O. 

•04 

•07 

CO/ 

•06 

•13 

99^78 

100-16 

Sd.  srr 

3-000 

2-773 

1.  Normal  unacidified  gabbro  from  sill  about  eleven  miles  east 
of  the  Movie  sill. 

2.  Acid  rock  fifteen  feet  from  upper  contact  of  the  Moyie  sill. 

The  rock  of  col.  2  belongs  to  the  granite  family.  The 
silica  is  normal  (higher  in  types  of  cols.  5  and  6,  Table  II), 
but  the  total  of  the  alkalies  is  extraordinarily  low,  namely  4*85 
per  cent,  or  '76  per  cent  lower  than  the  total  of  the  potash  and 
soda  in  the  least  alkaline  among  the  twenty-six  types  of  granite 
analyses  selected  for  Rosenbusch's  "Elemente  der  Gesteins- 
lehre."  The  comparatively  high  content  of  lime  is  probably 
to  be  referred  to  a  not  unimportant  mixture  of  lime  feldspar 
and  alkaline  feldspar  in  isomorphous  relation,  as  well  as  to  a 
small  amount  of  secondary  epidote. 

Col.  1  shows  the  gabbro  to  be  a  normal  type  in  some  respects, 
but  the  high  content  of  silica  and  relatively  low  content  of 
alumina  and  soda  are  abnormal  for  gabbro.  These  features 
are  partly  due  to  the  predominance  of  hornblende  over  feld- 
spar and  to  the  presence  of  free  quartz.  It  can  be  seen  by 
inspection  of  cols.  1  and  2,  Table  II,  that  the  gabbro  at  the 
bottom  of  the  Moyie  sill  would  give  an  analysis  very  close  to 
that  of  col.  1,  Table  III,  which  represents  a  good  type  of  the 


19i     R.  A.  Daly — Secondary  Origin  of  Certain  Granites. 

average  gabbro  from  the  many  sills  of  the  Boundary  belt.  A 
comparison  of  cole.  2,  i  and  7,  Table  II,  shows  that  col.  4 
corresponds  to  a  rock-type  intermediate  between  the  two  types 
actually  analyzed.  It  is  planned  that  a  rather  complete  set  of 
total  analyses  of  the  various  phases  of  the  Moyie  sili  will  be 

Siiblished  in  the  final  report  of  the  Chief  Commissioner  for 
auada  on  Boundary  Surveys. 

Partially  absorbed  inclusions  of  the  quartzite  occur  also  in 
the  upper,  granitic  zone  of  the  intrusive. 

Next  to  the  peculiar  granite-granophyre  is  a  hundred-foot 
(thick)  zone  of  intennediate  rock  whicli,  with  rapid  tranaition, 


Fio.  3.  Photograpli  of  speeimenB  Bhowing  contruBt  o(  color  between  a 
basic  and  a  nonnal  phase  of  the  gabbro  of  the  British  Columbia  aills  and 
between  both  of  thene  and  two  phaaea  of  the  Hojie  Sill  gnmopbTre-graiiite 
shown  on  the  left. 

replaces  the  acid  rock  as  the  section  is  thus  carried  inwards 
through  the  sill.  The  mineralogical  composition  of  this  inter- 
mediate rock  is  shown  in  Tables  I  and  II. 

The  structure  is  again  hypidiomorphic-granular  with  con- 
tinual gradations  into  the  granophyric.  The  grain  varies  from 
medium  to  rather  coarse. 

The  intermediate  rock  grades  imperceptibly  into  the  normal 
gabbro  of  the  iTiternal  part  of  the  great  intrusive  body. 

The  variation  in  mineral  composition  among  the  zones  of 
granite,  intermediate  rock  and  gabbro  are  shown  In  Table  II. 
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The  profound  macroscopic  differences  of  aspect  are  imperfectly 
illustrated  in  fie.  3,  which  shows  the  variation  of  color-tint. 
The  correspond  mg  variations  in  the  specific  gravity  of  speci- 
mens taken  in  the  cross-section  of  the  sill  is  snown  in  the  fol- 
lowing table : 

Locality  of  specimen.  Sp.  gr. 

1 5  feet  from  upper  contact -•-.  2'Y73 

40     "       "  "  "         2-784 

50     "       "  "  "         2-800 

Average  for  granite  zone  about 2*790 

200  feet  from  upper  contact 3*020 

Average  for  middle  of  sill  about 3*025 

200  feet  from  lower  contact 2*967 

30feet     "  "  "  2*980 

A  series  of  determinations  showed  in  addition  that  the  average 
specific  gravity  of  the  normal  gabbro  in  all  the  sills  of  the 
Boundary  belt  is  about  3*020. 

Exomorphic  contact  action  was  observed  at  both  upper  and 
lower  contacts  with  the  Kitchener  quartzite.  It  has  taken  the 
form  of  increasing  the  already  high  induration  of  the  sedi- 
ments with  an  accompanying  special  development  of  biotite  at 
both  upper  and  lower  contacts.  Though  there  is  evidence  of  the 
feldspatnization  of  the  quartzite  at  the  upper  contact,  none  has 
yet  been  forthcoming  for  the  lower  contact,  where,  neverthe- 
less, feldspar  may  have  been  similarly  introduced  from  the 
magma.  Doubtless  on  account  of  the  chemical  nature  of  the 
invaded  sediments  contact  metamorphism  is  not  conspicuous 
in  the  field,  nor  is  it  easy  to  trace  its  influence.  The  writer's 
impression  is  that  the  effects  are  more  manifest,  the  action 
having  been  more  intense,  at  the  upper  contact  than  at  the 
lower,  but  additional  field  study  will  be  required  to  test  the 
real  truth  of  that  impression. 

Apart  from  the  development  of  exotic  feldspar  in  the  quartz- 
ite, indications  of  true  pneumatolytic  action  seem  to  be  lack- 
ing at  both  contacts.  Mineral  veins,  including  quartz  veins, 
except  occasional  stringers  of  quartz,  are  conspicuously  absent. 

Field  Hypothesis, — The  hypothesis  adopted  in  the  field 
to  explain  these  rocks  and  their  relations  involved  a  secondary 
origin  for  the  granite-granophyre  zone  at  the  top  of  the  sill. 
That  zone  was  thereby  interpreted  as  due  to  the  contact-action 
of  the  gabbro  intrusion  on  the  adjacent  Kitchener  quartzite; 
digestion  and  assimilation  of  the  sediments  both  on  the  main 
or  "  molar  "  contacts  and  on  the  peripheries  of  blocks  shattered 
off  from  those  contacts,  was  credited  with  the  formation  of  a 
Dew  compound  magma  from  which  the  highly  acid  and  some 
what  an'omalous  granite  was  derived.     The  fact  that  the  acid 
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rock  is  practically  confined  to  the  upper  contact-zone  was 
explained  by  the  collection  of  the  products  of  digestion  at  the 
upper  contact  by  gravitative  adjustment  in  the  magma.  The 
low  density  of  the  locally  formed  new  magma  of  assimilation 
would  tend  to  effect  its  upward  diifusion  and  the  consequent 
cleansing  of  the  heavier  gabbro  magma  from  such  acid  material. 
The  comparatively  slight  acidification  at  the  lower  contact  was 
attributed  to  the  solution  of  the  quartzite  in  the  period  imme- 
diately preceding  the  final  consolidation  of  the  sill ;  at  that 
time  the  viscosity  of  the  magma  was  too  great  to  allow  of  the 
upward  diffusion. 

A  principal  test  for  such  a  hypothesis  is  obvious.  If  it  be 
true,  there  should  be  other  examples  among  the  great  basic 
sills  cutting  siliceous  sediments.  It  has  already  been  noted 
that  there  is  actuallv  such  acidification  of  the  other  gabbro  sills 
encountered  between  Port  Hill  and  Gateway,  and  that  in  them 
the  acidification  is  always  most  marked  at  the  upper  contact. 
Much  more  striking  examples  have  been  described  with  unusual 
thoroughness  in  Minnesota  and  Ontario.  The  comparison  of 
these  other  eases  is  so  important  that  the  best  established  types 
will  here  be  sketched  and  illustrated  in  some  detail.  The  fur- 
ther discussion  of  the  Moyie  sill  w^ill  be  postponed  to  later 
pages,  in  which  a  synthetic  treatment  of  all  the  examples  will 
be  undertaken. 

R.    Occurrences  in  Minnesota, 

{a)  The  very  able  and  specially  detailed  memoir  of  Bayley 
on  the  rocks  of  Pigeon  Point  contains,  doubtless,  the  most 
elaborate  argument  in  favor  of  the  secondary  origin  of  some 
granites.  A  brief  summary  of  his  facts  and  conclusions  may 
well  be  given  in  the  works  of  Bayley's  own  outline  forming 
the  introduction  to  his  paper. 

"Pigeon  Point  is  the  northeastern  extremity  of  Minnesota.  It 
is  one  of  a  series  of  parallel  points  extending  from  Minnesota  and 
Canada  eastward  into  Lake  Superior.  Its  backbone  is  a  great 
east  and  west  dike-like  mass  of  a  gray,  coarse-grained  rock  that 
has  always  been  called  gabbro.  This  consists  of  phenocrysts  of 
plagioclase  in  a  diabasic  groimdmass  of  tlie  same  mineral,  olivine 
and  diallage,  and  consequently,  it  is  a  diabase  porphyrite 

"The  rocks  through  which  the  gabbro  cuts  are  evenly  bedded 
slates  and  indurated  sandstones  of  Animikie  age.  They  dip 
south-southeast  at  15  to  20  degrees,  except  at  a  very  few  places 
near  the  contact  with  other  rocks,  where  they  are  more  or  less 
contorted 

**The  most  interesting  features  in  the  geology  of  the  point 
relate  to  the  series  of  rocks  usually  occurring  between  the  gabbro 
and  the  clastic  beds.     Beginning  on  the  gabbro  side  the  series 
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comprises  in  succession  coarse-grained  red  rocks,  a  fine-grained 
red  rock  that  is  sometimes  porphyritic  and  a  well-marked  belt  of 
altered  quartzitep. 

"The  fine-grained  red  rock  has  all  the  characteristics  of  an 
eruptive.  It  sends  dikes  into  the  contiguous  bedded  rocks,  and 
consists  essentially  of  a  hypidioraorphic  granular  aggregate  of 
plagioclase,  anorthoclase  and  quartz.  The  quartz  and  anorthoclase 
often  form  micropegmatite,  while  the  plagioclase  is  in  compara- 
tively large  grains,  some  of  which  have  hardly  defined  idiomorphic 
outlines.  At  a  few  places  this  red  rock  is  porphyritic,  with  bipyra- 
midal  quartz  crystals  imbedded  in  a  red  granophyric  groundmass. 
The  rock  is  similar  to  many  of  the  augite-syenites  described  by 
Irving  as  occurring  in  the  Keweenawan  series,  and  is  in  structure 
and  composition  a  quartz  keratophyre. 

"The  coarse-grained  rocks  between  the  gabbro  and  the  kerato- 
phyre are  intermediate  in  character  between  these  two.  The 
variety  nearest  the  gabbro  differs  but  slightly  from  the  basic 
eruptive.  In  addition  to  the  gabbro  components  it  contains  a 
little  quartz  and  red  feldspar — constituents  derived  from  the 
keratophyre.  As  the  latter  rock  is  approached,  the  augite,  olivine, 
and  plagioclase  disappear,  while  increased  quantities  of  quartz, 
red  feldspar,  and  brown  hornblende  make  their  appearance,  and 
the  rock  becomes  more  and  more  like  the  fine-grained  red  rock. 
Finally  the  hornblende  disappears  and  the  keratophyre  is  reached. 
Since  the  intermediate  rocks  occur  only  between  the  gabbro  and 
the  fine-grained  red  rock,  and  since  all  gradations  in  composition 
between  the  two  end  members  of  the  series  are  represented,  the 
coarse-grained  red  rocks  are  regarded  as  contact  products  formed 
by  the  intermingling  of  the  gabbro  and  the  keratophyre  mag- 
mas."* 

After  describing  the  compound  external  zone  of  contact 
metamorphism,  Bayley  continnes  : 

*'  From  the  above-mentioned  facts  it  is  concluded  that  the  con- 
tact belt  represents  Animikie  slates  and  quartzites  that  have  been 
altered  near  their  contact  with  an  intrusive  rock.  The  meta- 
morphism of  the  quartzites  has  resulted  simply  in  the  recrystalli- 
zation  of  the  quartz  and  feldspar  of  the  fragmental  grains,  with 
the  addition,  perhaps,  of  a  little  orthoclase. 

"  Since,  in  several  instances,  the  gabbro  is  in  direct  contact 
with  the  metamorphosed  rocks,  while  the  keratophyre  is  not  to 
be  found  in  the  neighborhood,  it  is  inferred  that  the  former  rock 
and  not  the  latter  was  the  cause  of  the  contact  action." 

The  significant  paragraph  follows  : 

"  Inclusions  of  f ragmentals  in  the  gabbro  and  the  keratophyre 
have  alike  suffered  the  same  alterations  as  have  taken  place  in 
the  various  members  of  the  contact  belt,  with  this  difference,  that 
quartzite  inclusions  in  the  basic  rock  are  often  surrounded  by  a 

♦W.  S.  Bayley,  Bull.  109,  U.  S.  Geol.  Survey,  1893,  p.  11. 
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rim  of  r«d  rock,  identical  in  all  its  properties  with  the  kerato- 
phyre.  Thia  suggests  that  the  keraiophyre  itself  may  be  of  con- 
tact origin." 

Finally : 

"  The  conclusion  reached  is  that,  in  all  probability,  the  kera- 
topbyre  is  of  contact  origin — that  is,  it  was  produced  by  the 


Fio.  4.  Diagrammatic  map  of  part  of  Pigeon  Point,  MinneBOta,  showing 
general  relations  among  the  different  rock  fonuations;  aft«r  Bayley. 

1.  Animikie  qaartziteB  and  slatee.  2.  Contact  zone  in  the  Animikie  eedi- 
mentaries.  3,  Olivine  gabbro.  4.  Intermediate  rock.  5.  Soda  granite  and 
keratophTTe.     Conventional  sign  for  strike  and  dip.     Scale  :  nine  inches  = 

fusion  of  the  slates  and  quartzites  of  the  Anlmtkie  through  the 
action  upon  ihem  of  the  'gabbro.'  The  magma  thus  formed 
then  acted  in  all  respects  like  an  intrusive  magma.  It  penetrated 
the  Burrounding  rocks  in  the  form  of  dikes,  and  soliditied  as  a 
soda-granite  under  certain  circumstancec,  and  under  others  aa  a 
quartz-keratopbyre."* 

•Op.  cit.,  p.  12. 
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The  diagrammatic  man  of  fig.  4  generalizes  the  field  rela- 
tions as  expressed  in  Bayley's  maps.  There  have  been  omitted 
from  the  diagram  certain  complexities  in  the  maps  showing 
the  actual  geology.  The  essential  features  are  thus  made  all 
the  more  evident ;  at  the  same  time  it  is  believed  that  this 
arbitrary  treatment  of  tiie  maps  does  not  introduce  error  in 
principles. 

A  summary  of  the  mineralogical  compositions  of  the  gab- 
bro,  intermediate  rock,  granite-keratophyre  (granophyre)  and 
invaded  sediments  is  given  in  Table  I.  The  correlative  dif- 
ferences in  chemical  constitution  are  noted  in  Table  IV. 


Tabt.e  IV. 

Selected  Analy 

ses,  Bayley 

on  Pigeon 

Pt. 

A. 

B. 

C. 

D. 

E. 

F. 

SiO,  .... 

.    49^88^ 

67-98 

72-42 

73-85 

59^71 

70^31 

TiO,   ... 

.      1-19 

1-75 

•40 

-05 

tr. 

tr. 

A1,0.  ... 

-    18-55 

13-58 

13-04 

1091 

18-32 

12-81 

FeX... 

..      2-06 

3-11 

•68 

6-98 

8  11 

7-26 

FeO  .... 

.      8-37 

8-68 

2-49 

•89 

•85 

-88 

MnO   ... 

•09 

•13 

•09 

■>  V  A  a 

»  «  *  « 

*      *      a*      M 

CaO  .... 

.      9-72 

2^01 

-66 

•44 

1-05 

•60 

BaO  .... 

•02 

•04 

•16 

•       *      w      • 

•      M       W     « 

w     »     s    w 

MgO.... 

.     6-77 

2-87 

•58 

1^52 

3^54 

2-03 

K,0  .... 

•68 

3-44 

4^97 

1-39 

3^43 

1-90 

Na,0  ... 
H,0  .... 

..      2-59 

3  66 

3-44 

2-28 

1-93 

2-19 

.-     ro4 

2-47 

1-21 

1-88 

3-24 

2-22 

PA  — 

•16 

-29 

•20 



-  - .  - 

10012 

99  91 

100-33 

100-19 

10018 

100-20 

Sp.  gr. . . 

2^923- 

circa 

2-620 

not  given, 

not 

2-970 

2-740 

prob.  ca 
2^70 

given, 

prob. 

ca  2-75 

A.  Olivine  diabase  ;  aver,  of  five  specimens.. p.  37 

B.  Intermediate  rock 63 

C.  Red  granite  ;  aver,  of  7  specimens 56 

D.  Unaltered  quartzites  ;  aver,  comp 90 

E.  Unaltered  slate 90 

F.  Approximation  to  aver.  comp.  of  sediments  113 

The  general  similarity  in  the  character  and  spatial  arrange- 
ment of  the  rocks  at  Pigeon  Point  and  on  the  Moyie  River  is 
apparent.  The  comparison  of  conditions  is  obscure  only  as 
relates  to  the  structural  cross-section.  The  Moyie  intrusive  is 
unquestionably  a  sill.  The  underground  relations  of  the 
Pigeon  Point  intrusive,  for  lack  of  decisive  field  evidence, 
have  not  been  fixed  beyond  the  }>ossibility  of  doubt.  Bayley 
says: 
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''The  most  prominent  features  of  these  gabbro  masses  are 
those  of  dikes.  As  has  already  been  mentioned,  the  larger  one 
[the  one  referred  to  in  the  present  paper]  in  many  places  presents 
perpendicular  walls  both  to  the  north  and  to  the  south.  It  occu- 
pies all  the  highest  portions  of  the  point,  and  these  are  in  a 
straight  line.  It  has  the  appearance  of  an  intrusive  mass,  and  is 
like  any  one  of  those  forming  the  numerous  points  to  the  north 
of  the  international  boundary  line.  It  has  been  regarded  as  a 
dike  by  both  Irving  and  N.  H.  Winchell.  Its  contact  with  the 
sedimentary  rocks  is  only  occasionally  to  be  seen.  At  several  of 
these  contacts  the  eruptive  has  the  appearance  of  having  escaped 
from  between  the  dike  walls  and  thrust  itself  for  a  short  distance 
between  the  fragmental  beds,  or  having  piled  itself  up  around 

the  dike  orifice  and  overlapped  the  intruded  rocks At  only 

two  places  on  the  north  shore  do  the  fragmental  rocks  appear, 
and  at  these  places  they  are  far  below  where  they  should  be  were 
they  interbedded  with  the  gabbro,  and  in  neither  case  is  the  con- 
tact like  that  of  interbedded  eruptive  and  sedimentary  rocks." 

He  concludes  that : 

"  The  larger  mass  of  the  Pigeon  Point  gabbro  is  in  the  form  of 
a  dike,  which  has  broken  through  its  walls  at  certain  places  and 
intruded  itself  between  the  strata  of  the  surrounding  rocks."* 

In  accordance  with  his  view  Bayley's  cross-sections  show 
vertical  contacts  among  all  the  igneous  rock  members  and  also 
between  sediments  and  eruptives. 

On  the  other  hand,  Professor  N.  H.  Winchell  states,  in  a 
personal  letter  to  the  writer : 

"All  my  observations  bearing  on  the  relations  of  the  gabbro  to 
the  Animikie  on  Pigeon  Point  lead  to  the  conclusion  that  the 
gabbro  is  later  than  the  Animikie.  But  the  term  gabbro  here  is 
made  to  include  those  coarse  non-ophitic  dikes  that  resemble  gab- 
bro and  which  are  also  allied  to  diabase.  There  are  abundant 
places  where  this  rock  is  in  the  form  of  sills  in  the  Animikie. 
The  great  backbone  of  Pigeon  Point,  which  is  the  most  dis- 
tinctly gabbroid  of  the  intrusive  rocks,  is  simply  a  large  example 
of  a  sill,  while,  as  I  interpret  the  structure,  many  of  the  dikes 
cutting  the  Animikie  are  only  contemporary  offshoots  from  it." 

With  Winchell's  view  there  agrees  the  observation  of  Bayley 
that  the  feldspar  phenocrysts  of  the  porphyritic  gabbro  are 
sometimes  "  arranged  in  rude  layers  parallel  to  tlie  dip  sur- 
faces of  the  quartzite.  Their  longer  axes  are  usually  m  the 
direction  of  the  dip  of  the  sedimentary  rock8."f  This  orienta- 
tion suggests  flow-structure  parallel  to  contacts.  Professor 
Bayley  has,  by  letter,  restated  to  the  writer  his  conclusion  that 
"  the  gabbro  was  intruded  as  a  boss  or  huge  dike,  certainly  not 

•  Op.  cit.,  pp.  22-^.  tOp.  cit.,  p.  23. 
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as  a  sill,"  bnt  adds  the  remark  that  "  while  the  contacts  of  the 
quartzites  with  the  red  rock  and  gabbro  so  far  as  they  were 
seen  are  vertical,  it  does  not  necessarily  follow  that  they  are 
vertical  with  depth."  He  continues :  "  I  have  no  means  of 
knowing  the  date  of  the  intrusion.  With  respect  to  the  tilt- 
ing (of  the  quartzites)  my  guess  is  that  the  intrusion  was  prior 
to  the  latest  tilting,  but  later  than  an  earlier  tilting  lakeward." 

The  possibility  that  the  Pigeon  Point  eruptive  is  either  a 
true  sill  only  locally  breaking  across  the  bedding  of  the  sedi- 
ments or  at  any  rate  dips  as  a  whole  to  the  south-southeast- 
ward, is  further  suggested  by  the  analogy  of  the  many 
undoubted  sills  of  gabbro  cutting  the  southerly  to  southeasterly 
dipping  Animikie  of  Minnesota.  Some  of  these  sills  have 
likewise  zones  of  soda  granite  lyi^g  between  the  gabbro  and 
the  sediments  on  the  southerly  flank  of  the  gabbro.  Thus  in 
those  cases  the  sediments  dip  under  the  gabbro  on  the  one 
side  of  the  eruptive  body  and  away  from  the  granite  on  the 
other  side. 

Bayley's  full  and  trenchant  argument  for  the  contact  origin 
of  the  soda  granite  and  granopnyre  need  not  be  repeated. 
The  independent  origin  of  the  acid  rock  is  rendered  highly 
improbable  by  the  occurrences  of  the  intermediate  rock  lying 
directly  between  the  gabbro  and  the  sediments  without  the 
intervention  of  the  true  granite  or  granophyre. 

The  efficiency  of  contact-shattering  in  aiding  the  digestion 
of  the  slates  and  quartzites  is  strikingly  maniiest  in  Bayley's 
descriptions. 

"  Very  close  to  the  red  rock  appears  a  belt  in  which  the  various 
rocks  are  in  the  most  complicated  relations  imaginable.  In  the 
eastern  portion  of  the  point  this  belt  is  well  seen  on  the  southern 
shore,  about  one-third  of  a  mile  from  the  end  of  the  point.  (See 
PI.  XVI.)  Here  the  red  rock  is  exposed  in  low  cliffs,  and  in  it 
are  small,  sharp  slate  and  quartzite  inclusions,  into  which  the  red 
rock  penetrates  in  every  direction.  The  exact  line  of  contact 
between  the  red  rock  and  the  bedded  fragmcntals  cannot  be 
detected,  as  they  appear  to  merge  gradually  into  one  another,  the 
latter  becoming  redder  and  redder  as  they  approach  the  former, 
which  penetrates  them  in  veins  and  dikes,  and  finally  includes 
numerous  pieces  in  such  a  way  as  to  yield  a  good  eruptive 
breccia." 

**  Some  of  the  inclusions  are  very  sharp  and  but  little  altered, 
while  others  are  partially  dissolved,  and  are  surrounded  by  con- 
centric zones,  resulting  from  the  action  of  the  red  rock  upon  the 
material  of  the  inclusion,  and  the  reciprocal  effect  of  the  partially 
dissolved  inclusion   upon   that  portion  of   the  red-rock  magma 

immediately  contiguous  to  it Thus  it  would  seem  to  be  a 

fact  beyond  controversy  that  the  red  rock  is  the  immediate  cause 
of  the  alteration  noticed  in  the  f  ragmental  rocks  and  of  the  brec- 

Am.  Joub.  Sol— Fourth  Series,  Vol.  XX,  No.  117.— Septsmder,  1905. 
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cia  observed  alonH  its  contact  witb  tliera.  If,  however,  tbc  con- 
tact belt  is  examined  Tery  closely,  it  is  found  that  although  the  red 
rock  is  always  accompanied  by  a  zone  of  this  belt,  there  are 
localities  in  which  the  latter  occurs  without  the  presence  of  the 
former.  ....  The  metamorphosing  rock  seems  to  he  the  gabbro. 
Just  as  in  the  case  of  the  contacts  with  the  red  rock,  the  ^uariz- 
ites  become  mottled  aa  they  approach  the  eruptive,  and  inclu- 
sions of  the  former  in  the  latter  are  bo  frt-tjuent  that  there  appears 
to  be  a  gradual  transition  between  the  two  rocks."* 

Similar  shatter-breccias  are  described  at  the  northern  con- 
tact. The  mctaniorpliism  of  the  iticltisions  is  there  the  same 
in  kind  us  on  tiie  southern  contact  bnt  is  less  intense. f 

ih)  A  sijrnificant  discoven'  was  made  at  a  mining  prospect 
on  Governor's  Iijland  just  soiitli  of  Pigeon  Point.  Tlic  shaft 
started  in  hai'dened  slate  at  the  surface,  then  struck  red  qnartz- 
ite  and  finally  rwl  granite  where  the  sinking  was  discontinued. 
In  this  case  there  is  no  qnestion  that  the  sediments  overlie  the 
granite  in  a  relation  similar  to  that  involved  in  the  sill  theurv 
of  the  Pigeon  Point  intnisivc.i 

(f)  Pai-allets  to  the  Pigeon  Point  case  have  also  been  fonnd 
on  Spar,  Jarvis  and  Victoria  Islands. g  Lawson  has  described 
otlier  CNaniples  among  the  Logan  sills  of  Lake  Superior,  and 
says  that  the  sills  are  repeated  by  ste^vfaults  gently  tilting  the 
sills  to  the  sontheast  at  the  maximum  angle  of  five  degrees.) 

(rf)  Grant  describes  the  great  gabbro  ai-ea  of  Cook  County, 
Minnesota,  as  a  laccolith  in  the  gently  dipping  Animikie  qnartz- 
ites,  slates  and  gimwackes.  He  maps  soda  granites  passing 
into  alkaline  quartz  porphyries  on  the  southern  flank  of  the 
gabbro  or  in  it.  This  latter  occnrrence  is  possibly  to  be  related 
to  the  occasional  liorizontal  dips  of  the  Aniniikit.^i^ 

N.  II.  Wincliell  maps  a  broad  band  of  the  red  granite  to  the 
southwartl  of  the  huge  gabbro  moss  of  Lake  County,  He 
states  that  the  sontheru  limit  of  the  gabbro  forms  the  northern 
limit  of  the  red  granite,  but  that  there  are  numerous  places 
where  these  rocks  are  intricately  iuterhedded  and  in  some 
instances  igidated  areas  of  the  red  rock  are  surrounded  by 
gabliro.**  The  official  atlas  of  the  iliniiesota  Geological  Survey 
indicates  still  other  large-scale  examples  of  the  same  or  similar 
close  relations  of  gabbro  and  red  granite — notahly  those  mapped 
in  vol.  vi,  plates  GS,  ti9,  84,  85  and  87. 


p.  m ;  cl.  E.  D.  Ingall,  Adii.  Bep.  Geol.  Snnr.  Carukda, 
And  40, 

nesQta,  ISD3.  pp.  30-83-43^4. 
Sntv.,  vol.  IT,  1399,  pp.  333  and  836. 
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C,  The  Siidhury  Intnisive  SheH. 

A  still  more  remarkable  parallel  to  the  conditions  of  the 
Moyie  Bill  has  heen  rather  fully  described  by  Barlow  and 
Coleman,  following  the  earlier  work  of  Walker  in  tlicir  respec- 
tive memoirs  on  tlie  geology  of  the  Sudbury  District,  Ontario. 
In  the  scale  of  the  variouB  related  phenomena,  in  the  wonder- 
fidly  systematic  arrangement  of  the  different  roek-formations, 
and  in  the  occurrence  of  valuable  ore-bodies  directly  and  geneti- 


Fio.  -■!. 

bnry  DiHtrict.  Cjntnrio;  afttr  i 

1.  Granitoid  Kneigsi,  gr<-eiiMti>iieH  ami  i^nywiipkeB.  2.  Norite.  3.  Inter- 
mediate rock,  traiisttioniil  bt-twt^eu  norite  uiul  micropeamntite.  4.  Micro- 
pegmatite.  3.  Slates,  KsnilKtonen  anil  volcanic  tiiSx.  (The  ponition  of  the 
■ulphide  ores  sliown  liy  heavy  bUuk  iiiiy.)  Cuiiveiitional  sign  for  strike  aud 
dip.     Scale  ;   one  inch  =  two  luilcs. 

eally  associated  with  the  intnisive,  the  Sndbury  District  exam- 
ple stands  unique  in  petrogriiphicaj  records. 

The  latest  rei>orts  of  IJnrlow  and  (\ilemaii  agree  in  the  con- 
elusian  that  the  famous  uickcl-benring  eru]>tive  has  tbe  form 
of  an  enormous  intrnsiie  AW  of  a  composition  exactly  analo- 
gous to  that  of  the  Aloyie  siij  execi)tiiig  as  regards  the  develop- 
ment of  the  valuable  sulphides.  It  is  "a  vast  sheet  of  erui>- 
tive  rock  having  a  baein  shape ;  a  sheet  nearly  40  miles  long 
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and  17  miles  wide,  and  probably  a  mile  and  half  to  two  miles 
thick  on  the  average,  if  the  (average  centripetal)  dip  (of  the 
sheet)  is  45  deerees."* 

This  great  sheet  cuts  sediments  and  schists  referred  to  the 
Lanrentian  and  Upper  Huronian.  Their  general  field  relations 
are  summarized  in  tha diagrammatic  map  of  fig.  5,  dra>^Ti  from 
a  part  of  Coleman's  oflicial  map  of  the  "  Sforthern  Nickel 
Range."  Again  the  gabbroid  rock  (norite)  is  seen  to  be  con- 
centrated on  the  lower  contact  of  the  sheet,  the  acid  rock, 
micropegmatite  or  granophyre,  gmduating  into  true  granite,  on 
its  upper  contact,  while  between  the  two  is  a  zone  of  inter- 
mediate rock.  On  the  "  Southern  Nickel  Range "  across  the 
spoon-shaped  basin,  Barlow  has  determined  the  same  arrange- 
ment of  acid,  intermediate  and  basic  zones  in  the  sheet,  which 
there,  however,  agreeably  with  the  basin  theory  of  structure, 
has  a  northerly  dip ;  so  that  in  this  case,  the  norite  occurs  on 
the  south  side  of  tlie  sheet,  the  granite-granophyre  zone  on  its 
northern  side.  On  the  basin  theory  of  the  structure,  the 
volume  of  the  granite-granophyre  in  this  sheet  is  to  be  meas- 
ured bv  hundreds  of  cubic  miles. 

All  around  the  basin  the  nickel  ores  form  a  more  or  less 
continuous  zone  at  the  lower  contact  of  the  norite.  The  sul- 
phides are  also  to  be  found  in  especial  abundance  as  segrega- 
tions in  apophysal  offshoots  of  the  norite  where  the  basic  magma 
penetrated  fissures  outside  the  lower  contact  of  the  sheet. 

Coleman  states  that  where  the  band  of  eruptive  (outcrop 
edge  of  the  sheet)  is  narrow,  there  is  less  change  in  the  rock  in 
passing  from  the  lower  to  the  upper  contact,  the  most  basic 
norite  as  well  as  ore  being  absent  for  the  most  part.  He  also 
notes  the  absence  of  granophyre  or  granite  in  the  smaller 
intrusions  of  the  norite  which  occasionally  appear  outside  the 
main  basin. f 

Eniptive  breccias  due  to  the  shattering  of  the  invaded  forma- 
tions by  the  hot  magma  are  found  at  both  upper  and  lower 
contacts.:!: 

Coleman  notes  that  in  the  northern  nickel  range  the  con- 
tact metamorphism  is  more  intense  next  the  upper  acid  zone 
than  next  the  norite.  He  explains  this  as  possibly  due  to  the 
fact  that  the  rocks  at  the  lower  contact  were  already  well  crys- 
tallized before  the  intrusion  took  place,  while  the  sediments 
along  the  upper  contact  were  then  capable  of  notable  niinera- 

♦  A.  P.  Coleman,  Rep.  Bureau  of  Mines,  Ontario,  1903,  p.  277.  Cf.  A.  E. 
Barlow,  Ann.  Rep.  Geol.  Surv.  Canada,  vol.  xiv,  1904,  p.  72 ;  also  stereogram 
accompanying  Coleman's  report. 

1 1904  report,  p.  212,  and  1903  report,  p.  286. 

JA.  E.  Barlow,  op.  eit.,  pp.  122,  129  and  plates;  A.  P.  Coleman,  Rep. 
Bureau  of  Mines,  Ontario,  1904,  p.  213 ;  T.  L.  Walker,  Quart.  Jour.  OwA. 
Soc,  vol.  liii,  1897,  p.  54. 
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logical  changes.  The  metamorphism  on  the  upper  contact 
extends  outward  for  a  distance  of  from  1000  to  1500  feet. 

There  seems  to  be  a  decided  lack  of  pneumatolytic  action 
(other  than  that  due  to  water  vapor)  incident  to  the  intrusion.* 

Coleman  has  concluded  that  the  intrusion  of  the  sheets 
antedated  the  synclinal  warping  of  the  region  to  which  the 
present  basin  shape  of  the  sheet  is  attributed.f 

The  mineralogical  compositions  of  the  norite,  intermediate 
rock  and  micropegmatite-granite  are  summarized  in  Table  I. 
Their  chemical  compositions  are  entered  in  Table  V,  taken 
from  Walker's  paper,  page  56.  The  corresponding  specific 
gravities  also  show  the  significant  homologies  existing  between 
these  rocks  and  those  oi  Pigeon  Point  and  of  the  Moyie  sill. 
The  value  of  a  close  study  of  these  tables  will  appear  in  the 
following  general  comparison  of  the  rocks  and  of  their  rela- 
tions to  one  another. 

Table  V. 
1.  2.  3.  4.  5. 

SiO, 49-90^  61-52^  64-85^  69*27,^  eV'TG^ 

TiO, 1-47  1-39  -78  -46 

A1,0, 16-32  19-77  11-44  1256  14*00 

Fe,0, -47           2-94  2-89          

FeO 13-54  6-77           6-02  4*51  518 

MgO 6-22  6-49            1-60  -91  I'OO 

CaO 6-58  816            3-49  1*44  4*28 

NaO 1-82  2-66            3-92  3-12  5*22 

K,0 2-25  -70            3-02  3-05  1-19 

H,0 -76  1-68              -78  -76  I'Ol 

PO -17  -10              -24  -06  -19 


8       6 


99-03  99-71  98-30  9935        100*29 

Sp.gr 3-026  2-832  2*788  2*724  2-709 

1  to  5 — "Specimens  range  from  north  to  south"  across  the 
Sudbury  intrusive  sheet,  that  is,  from  near  lower  contact  (No.  1) 
to  near  upper  contact  (No.  5). 

Synthetic  Discussion, 

Magmatic  Assimilation. — The  secondary  origin  of  granite 
has  long  been  maintained  by  N.  H.  Winchell,  who  has  referred 
to  the  Pigeon  Point  case  as,  among  others,  demonstrating  the 
fact.:!:  Bayley  came  to  the  same  belief  for  the  granite  and 
granophyre  of  the  point,  but  did  not  extend  his  argument  in 
detail  to  cover  other  occurrences  among  the  Minnesota  intru- 
sives.     On  the  other  hand,  the  principle  has  not  been  accepted 

*A.  E.  Barlow,  op.  cit.,  p.  129. 

1 1903  report,  p.  277. 

:(  Final  Rep.  Minn.  Geol.  Surv.,  vol.  v,  1900,  p.  62,  etc. 
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as  applying  to  these  localities  even  by  Van  Hise,  whose  rare 
knowledge  of  Lake  Sni^erior  geology  must  give  his  opinion 
exceptional  weight.*  Even  the  latest  text-books  of  geology 
give  most  inadequate  treatment  of  the  doctrine  though  it  refers 
to  one  of  the  most  important  problems  in  the  whole  iield  of 
geology.  Doubtless  the  majority  of  petrologists  are  to-day 
unfavorable  to  the  assimilation  theory  of  granite  and  its  rela- 
tives except  as  it  applies  to  a  very  limited,  in  point  of  volume 
insignificant,  modification  of  certain  magmas  at  their  contacts. 

Van  Hise's  chief  argument  against  the  contact  origin  of  the 
Pigeon  Point  granite  emphasizes  the  fact  that  that  rock  has 
not  the  chemical  composition  either  of  the  sedimentary  forma- 
tion or  (as  especially  shown  in  the  surplus  of  alkalies  and  the 
deficiency  of  iron  in  the  grauophy re-granite)  of  a  direct  mix- 
ture of  gabbro  and  sediments.f  The  much  quoted  argument 
of  Br()gger  with  reference  to  the  Norwegian  granites  is  based 
on  a  similar  fact.:t^  Many  other  writers  have,  on  a  similar 
ground,  excluded  contact  assimilation  as  playing  any  consider- 
able part  in  the  formation  of  abyssal  or  hypabyssal  magmas. 

In  practically  every  case  the  opponents  of  the  assimilation 
theory  have  treated  of  the  assimilation  as  essentially  a  static 
phenomenon.  Each  interpretation  of  field  facts  has  been 
phrased  in  terms  of  magmatic  differentiation  versus  magmatic 
assimilation  as  explainiiig  the  eruptive  rocks  actually  seen  on 
the  contacts  discussed.  Nothing  seems  more  probable,  how- 
ever, than  that  such  rocks  are  often  to  be  referred  to  the  com- 
pound process  of  assimilation  accompanied  and  followed  by 
magmatic  differentiation.  The  chemical  composition  of  an 
intrusive  rock  at  a  contact  of  magmatic  assimilation  is  thus  not 
simply  the  direct  product  of  digestion.  It  is  the  net  result  of 
rearrangements  brought  about  in  the  compound  magma  of 
assimilation.  In  the  magma,  intrusion  currents,  convection 
currents  and  the  currents  set  up  by  the  sinking  or  rising  of 
xenolitlis  must  take  a  part  in  destroying  any  simple  relation 
between  the  chemical  constitutions  of  tlie  intrusive  and  invaded 
formations.  Still  more  effective  may  be  the  laws  of  differen- 
tiation in  a  magma  made  heterogeneous  by  the  absorption  of 
foreign  material  which  is  itself  generally  heterogeneous.  The 
formation  of  cuteetic  compounds  or  mixtures,  the  development 
of  density  stratification,  and  other  causes  for  the  chemical  and 
physical  resorting  of  materials  in  the  new  magma  ought  cer- 
tainly to  be  regarded  as  of  powerful  effect  in  the  same  sense. 

A  second  fundamental  principle  has  as  a  rule  been  disre- 
garded in  the  discussions  on  magmatic  assimilation.     The  form 

♦MonoKraph  XLVII,  U.  S.  Geol.  Surv.,  1904,  pp.  730-733. 

f  Op.  cit.,p.  733. 

X  Die  Eruptivgesteine  des  Kristioiiiagebietes,  Pt.  II,  1895,  p.  180. 
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of  the  intrusive  body,  and  the  relation  of  the  accessible  points 
of  its  contacts  to  that  form  as  a  wliole,  ninst  be  taken  into 
account.  If,  for  example,  diflEerentiation  of  the  compound 
ma^ma  has  taken  place  so  as  to  produce  within  the  magma 
chamber  layers  of  magma  of  different  densit\%  the  lightest  at 
the  top,  the  heaviest  at  the  bottom,  the  actual  chemical  com- 
position of  the  resulting  rock  at  any  contact  will  depend 
directly  on  the  magmatic  stratum  rather  than  on  the  composi- 
tion of  the  adjacent  country-rocks. 

Thirdly,  the  method  of  intrusion  is  of  primary  significance 
in  the  discussion  of  assimilation  in  a  given  instance.  There 
are  strong  reasons  for  believing  that  tlie  subterranean  cham- 
bers of  stocks  and  batholiths  have  been  opened  largely  or  at 
least  in  part  through  magmatic  "  stoping,''  whereby  magmas 
have  made  their  way  upward  through  the  invaded  formations 
by  engulfing  suite  after  suite  of  blocks  shattered  off  from  those 
formations  by  the  heat  of  the  iutrusives.*  In  such  a  case  the 
destructive  action  at  the  molar  contact  is  chiefly  physical,  and 
chemical  solution  is  subordinate.  Most  of  the  solution  takes 
place  in  the  complete  digestion  of  the  sunken  blocks  and  is 
therefore  abvssal  rather  than  maro:inal.  The  conditions  are 
peculiarly  favorable  for  the  systematic  differentiation  of  the 
new  compound  magma.  The  chemiQal  composition  of  the 
intrusive  at  any  contact  will  thus  depend  on  the  constitution  of 
a  (possibly  well  differentiated)  magma  containing  materials 
won  from  all  the  invaded  formations  and  not  simply  materials 
won  from  the  innnediately  adjacent  country-rock.  Brugger's 
argument  derived  from  the*  low  content  of  lime  in  the  Chris- 
tiania  granite  cuttinji:  thick  limestones  (themselves  overlying  an 
enormous  thickness  of  crystalline  schists,  etc.)  is  clearly  incon- 
clusive until  it  can  be  shown  that  this  and  the  other  two 
factors  just  noted  have  not  been  at  work.f 

Magmatic  stoping  has,  in  all  probability,  taken  place  to  some 
extent  in  the  great  intrusive  body  at  Pigeon  Point.  The 
specific  gmvity  of  the  gabbro  varies  from  2'923  to  2*970. 
Molten  at  1400  degrees  Cent.,  its  specific  gravity,  at  atmos- 
pheric pressure,  would  be  not  far  from  2*43  to  2'48.  The 
specific  gravities  of  the  intermediate  rock  and  granite  are 
respectively  2*740  and  2  620;  molten  at  1400  degrees  Cent., 
they  would,  at  atmospheric  pressure,  be  about  2*30  and  2*19 
respectively.  The  specific  gravity  of  the  invaded  sediment 
varies  from  2*70  to  about  2*75.  lilocks  of  the  quartzite  and 
slate  immersed  in  any  of  the  molten  magmas  and  there  fissum- 
ing  the  temperature  of  1400  degrees  Cent.,  would  at  the  same 

•Cf.   R.    A.    Daly,   The  Mechanics   of  Igneous   Intrusion,   this  Journal, 
vol.  XV,  1908,  p.  269,  and  vol.  xvi,  1903,  p.  107. 
t  Cf .  Loewinson-Lessing,  op.  cit. ,  p.  368. 
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pressure  have  specific  gravities  varying  between  2*60  and  2*65. 
There  are  good  reasons  for  believing  that  plutonic  pressures 
would  not  essentiallj  affect  these  contrasts  of  density.  Assum- 
ing a  certain  degree  of  fluidity  in  the  ma£^nia  (an  assumption 
underlying  the  whole  of  this  paper  and  believed  to  be  demon- 
strated by  such  facts  as  the  patent  ease  of  diffusion  that  once 
reigned  in  each  of  the  intrusives),  it  appears  that  blocks  of  the 
sedimentary  rocks  must  sink  in  the  magma,  whether  acid  or 
basic* 

Tlie  actual  shatter-breccias  described  by  Bayley  are  there- 
fore to  be  attributed  to  the  last  destructive  effort  of  the  magma, 
which,  at  that  time,  through  cooling,  had  become  too  viscous 
to  allow  of  the  sinking  of  the  xenoliths. 

A  precisely  similar  argument  applies  to  the  Moyie  and  Sud- 
bury examples  (see  table  of  specific  gravities  and  table  in  this 
Journal,  vol.  xv,  1903,  p.  277).  All  these  igneous  bodies, 
though  not  intruded  bv  magmatic  stoping,  j^et  show  that  pro- 
cess to  have  assisted  in  the  production  of  the  granites  and 
granophyres.  Whether  this  process  has  there  been  more  or 
less  efficaceous  than  molar  or  marginal  assimilation,  perhaps 
cannot  be  determined. 

In  all  these  cases  the  stoping  that  did  occur  must  clearly 
have  tended  to  destroy  a  simple  chemical  identity  between 
igneous  rock  and  country-rock  at  any  given  contact. 

Su7nmary, — It  will  be  useful  to  review  the  chief  field  and 
laboratory  observations  so  far  noted  as  favoring  the  assimila- 
tion theory  when  applied  to  the  granites  and  granophyres 
described  in  this  paper. 

1.  Bayley's  elaborate  argument  is  believed  to  be  valid  except 
as  it  fails  to  take  differentiation  into  account.  No  fact  has  been 
noted  either  by  the  writer  in  connection  with  the  Moyie  sill  or 
in  the  descriptions  of  the  other  examples  which  tends  to  weaken 
that  argument. 

2.  Belief  in  the  truth  of  his  conclusion  is  greatly  strengthened 
by  the  repeated  occurrence  of  essentially  the  same  phenomena 
in  widely  separated  regions. 

a.  At  Pigeon  Point,  at  Sudbury  and  on  the  Moyie  River 
there  occur  intrusive  bodies  of  gabbro  passing  by  gradual  tran- 
sitions (as  shown  by  chemical,  mineralogical  and  specific  gravity 
determinations)  into  the  border  phases  of  granite  and  grano- 
phyre.  Both  types  of  rock  clearly  belong  to  the  same  period 
of  intrusion. 

b.  All  three  igneous  bodies  are  of  relatively  great  thickness, 
which  means  that,  other  things  being  equal,  they  possessed 
relatively  great  stores  of  thermal  energy. 

*Cf.  R.  A.  Daly,  op.  cit.,  1903,  p.  277,  etc. 
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c.  In  each  occurrence  the  gabbro  contains  xenoliths  of  the 
more  acid  sedimentary  rocks.  These  blocks  are  commonly 
more  or  less  digested  and  the  product  of  tliis  local  solution  is 
always  closely  allied  to,  if  not  equivalent  to,  the  granophyre- 
granite  phase. 

d.  In  each  case  there  is  correspondence  though  not  equiva- 
lence between  the  composition  of  the  acid  border-phase  and 
the  average  composition  of  the  invaded  formation.  This 
important  fact  is  emphasized  in  Tables  I,  II,  III,  IV  and  V, 
in  which  the  silica  and  alkalies  are  either  directly  or  in^feren- 
tially  seen  to  be  more  or  less  abundant  in  the  granophyre- 
granite  according  to  the  relative  abundance  of  those  oxides  in 
the  respective  country-rocks. 

e.  A  considerable  number  of  other  examples  not  as  yet 
thoroughly  studied  have  been  noted  in  Britisn  Columbia  and 
Minnesota.  The  conditions  are  throughout  identical  or  so 
allied  as  to  favor  one  explanation  common  to  all  the  occur- 
rences. 

y.  The  assimilation  theory  is  also  supported  by  certain  other 
facts  which  have  already  been  mentioned  but  merit  a  more 
detailed  discussion  such  as  is  attempted  in  the  sequel. 

3.  The  principal  objection  to  the  doctrine  oi  assimilation, 
namely,  the  objection  that  chemical  analyses  disprove  any  genetic 
relationship  between  intrusive  and  invaded  formation  at  certain 
accessible  contacts,  cannot  hold,  because  that  objection  allows  no 
place  for  diflEerentiation  in  the  magma  made  compound  by 
assimilation. 

Asymmetry  of  the  Intrusive  bodies, — There  remains  for 
particular  explanation  the  cardinal  fact  that  all  tlie  intrusive 
bodies  are  asymmetric.  The  granophyre-granite  is  always  con- 
centrated on  one  side  of  the  intrusive,  that  is,  along  the  upper 
contact  or  the  side  away  from  which  the  enclosing  sediments 
dip. 

In  all  the  localities  the  dips  of  the  sedimentaries  and  of  the 
intrusive  sheets  are  believed  to  have  been  flatter  at  the  time  of 
the  injection  of  the  magma  than  those  dips  now  are.  It 
is,  indeed,  possible  that,  in  every  instance,  the  gabbro  sheet  lay 
practically  horizontal  during  the  period  of  cooling  and  consoli- 
dation. In  any  case  the  granophyre-granites  appears  to  have 
always  overlain  their  respective  gabbroid  associates. 

Three  possible  explanations  have  offered  themselves  for  this 
asymmetry,  (a)  It  is  conceivable  that  extensive  assimilation 
occurred  only  on  the  upper  contacts  ;  or  (b)  the  asymmetry 
may  be  due  to  the  density  stratification  of  magma  compounded 
of  gabbro  and  digested  sediments  ;  or  (c)  due  to  a  combination 
of  both  those  factors. 

One  or  more  subordinate  suppositions  are  necessary  if  the 
assimilation  be  credited  essentially  to  the  upper  contact.     On 
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the  one  hand,  the  invaded  formations  above  and  below  the 
^abbro  ini<jht  be  litliologieally  so  different  that  the  one  above 
was  much  more  snbjeet  to  contact  alteration  than  the  one  below. 
This  idea  is  at  once  declared  irrelevant  in  the  British  Columbia 
and  Minnesota  cases,  wliere  there  is  certainly  no  evidence  of 
differences  of  digestibility. 

On  the  other  hand,  it  is  possible  that  the  original  gabbro  was 
differently  constituted,  and  thus  more  energetic  in  assimilation, 
along  the  up])er  contact  than  elsewhere.  Magmatic  water  or 
other, strong  solvents  may  thus  be  conceived  to  have  early  con- 
centrated in  the  upper  zone  of  each  sill.  In  favor  of  this  view 
would  seem  at  first  sight  the  fact  that  at  Pigeon  Point  the  zone 
of  external  metamorphism  is  reported  by  Bayley  to  be  much 
wider  on  the  upper  contact  than  on  the  lower.  (See  fig.  4.) 
The  same  seems  to  be  true  in  the  Sudbury  case,  but  is  explained 
by  Coleman  as  noted  on  a  prjevious  page.  The  writer  could 
find  no  absolutely  certain  evidence  of  such  differential  meta- 
morphism about  the  Movie  sill,  yet  considers  it  as  probable. 

That  the  conditions  for  the  complete  assimilation  of  the 
invaded  formations  obtained  throughout  the  intrusive  bodies  is 
ilhistrated  in  the  unmistakable  digestion  of  xenoliths  found  at 
all  depths  in  the  gabbro.  As  already  pointed  out,  the  assimi- 
lation here  belongs  to  the  period  immediately  preceding  the 
consolidation  of  the  gabbro.  A  much  greater  volume  of  sim- 
ilar material  derived  from  the  interaction  of  gabbro  and  sedi- 
mentarv  rock  must  have  been  formed  from  other  blocks  in  the 
hotter,  more  fluid,  and  more  energetic  magma  of  the  preceding 
])eriod.  There  seems  to  be  no  possible  doul)t  that  most  of  that 
material  has  diffused  upward  and  now  forms  part  of  the  grano- 
phy re-granite  zone. 

The  simplest  and  most  probable  cause  for  that  diffusion  is, 
as  suggested  in  the  field  hypothesis  for  the  Moyie  sill,  the  dif- 
ference of  densitv  between  the  acid  maorma  of  assimilation  and 
the  enclosing  gabbro. 

It  is  quite  possible  that  the  metamorphosing  effect  of  the 
new  magma  may  have  been  greater  than  that  of  the  original 
pure  gabbro.  The  new  magma  would  presumably  carry  w4th 
it  the  water  dei-ived  from  the  digested  sediments  which,  appar- 
ently in  every  case,  are  notably  more  hydrous  than  the  origmal 
gabbro  magma.  The  accompanying  table  shows  the  propor- 
tion of  water  (or  loss  on  ignition)  found  in  the  analyses  of  the 
rocks  of  Pigeon  Point. 

Rock.  Per  cent  of  water. 

Gabbro 104 

Intermediate  rock 2'47 

Red  soda  granite 1  •21 

Slate 3-24 

Quartzite  (loss  on  ignition) 1  '88 


a.  A.  Daly — Secondary  Origin  of  Certain  Gro/nites.    211 

So  far  as  such  water  determinations  in  the  crystallized  rock  can 
l>€  considered  as  indicating  a  true  condition  of  the  magma 
before  solidification,  the  table  implies  that  the  compound 
magma  corresponding  to  the  "  intermediate  rock "  still  held 
the  extra  water  of  assimilation  up  to  the  moment  of  crystalliza- 
tion ;  and,  secondly,  that  the  well  diflFerentiated  magma  corre- 
sponding to  the  soda  granite  had  lost  about  half  of  the  water 
of  assimilation  before  final  soh'dification.  It  is,  accordingly, 
quite  possible  that  this  extra  water  which  the  upper  acid  zone 
could  not  hold  in  permanent  combination,  has  been  responsible 
for  the  unusual  amount  of  external  metamorphism  in  the  sedi- 
ments south  of  the  Pigeon  Point  intrusive.  Similar  reasoning 
may  apply  to  the  Sudbury  example,  but  the  required  elaborate 
chemical  study  of  its  more  complex  terrancs  has  not  yet  been 
made. 

In  favor  of  this  hypothesis  is  the  fact  that,  so  far  as  known 
to  the  writer,  difiEerential  contact  metamorphism  of  the  kind 
here  in  discussion  has  never  been  described  in  connection  with 
a  sill  that  does  not  also  show  evidence  of  strong  internal  assimi- 
lation. 

Finally,  there  is  no  cause  yet  well  determined  why  water^or 
other  solvents  should  be  systematically  concentrated  from  the 
original  magma  along  the  roof  of  an  intrusive  sill.  Such  con- 
centration may,  indeed,  be  the  rule,  but  it  has  apparently  not 
been  announced  bv  any  worker  amon<»:  the  thousands  of  basic 
sills  described  in  geological  literature. 

The  conclusion  seems  justified  that  the  special  intensity  of 
the  metamorphism  on  the  upper  contact  of  certain  intrusive 
bodies  is  probably  not  due  to  the  special  activity  of  solvents  in 
the  original  magma  along  that  contact.  The  explanation 
seems  to  lie  partly  iir  the  difl:erent  liability  of  the  roof-rocks 
jind  floor-rocks  to  metamorphic  change,  l)Ut  yet  more  in  the 
metaraorphic  effects  of  water  vapor  set  free  in  the  digestion  of 
the  invaded  hydrous  sediments.  This  water  vapor  may  have 
also  assisted  in  the  solvent  work  of  the  magma  at  the  main 
upper  contact,  and,  finally,  in  increasing  the  fluidity  of  that 
magma. 

Ma^jmatic  Differentiation. — The  development  of  basic, 
intermediate  and  acid  zones  in  each  of  thc'sills  is,  thus,  believed 
to  have  been  the  result  of  the  density  stratification  of  the  com- 
pound magma  of  assimilation.  The  efliciency  of  differential 
density  in  separating  out  lighter  acid  material  from  the 
heavier  basic,  lias  been  ably  discussed  and  affirmed  bv  Loew- 
inson-Lessing.*  It  isunneces.'jary  to  recapitulate  his  argument, 
with  which  the  present  writer  is  in  full  accord. 

*0p.  cit.,  pp.  344-3rj4. 
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Loewinson-Lessing  points  out  that  when  large  amounts  of 
foreign  rock-materiai  is  digested  in  a  magnia,  there  is  established 
a  special  tendency  toward  a  systematic  differentiation  of  the 
mixture.*  Liquation  will  then  take  place  when  the  cooling 
mixture  reaches  a  certain  temperature.  The  same  author  also 
holds  that,  according  to  the  principles  of  physical  chemistry, 
a  magma  becomes  actually  more  fluid  as  a  result  of  digesting 
foreign  material.  Differentiation  is  thereby  facilitated. 
Vogt's  valuable  researches  tend  to  corroborate  this  view.f 

'the  granites  and  granophyres  of  the  Moyie  sill,  of  the  Pigeon 
Point  intrusive,  and  of  tne  Sudbury  sheet  are  to  be  regarded 
as  not  directly  or  merely  due  to  the  contact  solution  of  sedi- 
mentary rocks  and  schists  by  gabbro ;  they  are  controlled 
in  their  final  composition  by  a  common  process  of  differentia- 
tion supplementary  to  the  gravitative  effect.  At  Pigeon  Point 
the  acid  rock,  whatever  its  structure  and  grain,  is  a  rather 
definite  mixture  of  oxides.  This  is  illustrated  in  the  analyses 
of  granular  soda  granite,  the  "  quartz  keratophyre",  and  the 
porphyry  of  Little  Brick  Island  near,Pigeon  Point.;}:  For  lack 
of  sufficient  analyses  the  same  statement  cannot  be  made  con- 
cerning the  Moyie  sill,  but  within  limits  it  applies  to  the  huge 
Sudbury  6heet.§ 

The  acid  zone  may  have  won  some  of  its  soda  from  the 
original  magma ;  the  gabbro  may  now  hold  some  of  the  pot- 
ash with  the  silica  derived  from  the  micaceous  and  feldspathic 
quartzites  and  other  sediments.  It  is  obvious,  however,  that 
all  the  details  of  the  chemical  processes  engaged  in  this  type 
of  magmatic  separation  (chemical  affinity  in  magma  disturbed 
by  gravitative  diffusion  currents)  cannot  be  worked  out  from 
existing  data  on  the  magmatic  behavior  of  silicates. 

The  intermediate  rock  at  all  three  localities  may  be  regarded 
as  occupying  zones  of  incomplete  differentiation. 

Special  interest  attaches  to  the  occurrence  of  the  nickel  ores 
along  the  lower  contact  of  the  Sudbury  sheet.  Barlow,  Cole- 
man, Vogt  and  Walker  agree  that  these  sulphides  are  soluble 
in  magmas.  The  solubility  is  in  inverse  proportion  to  the 
acidity  of  those  magmas.  ||  The  fact  suggests  that  the  sul- 
phides have  been  precipitated  from  the  norite  which  has  been 
acidified  by  assimilation.  The  concentration  of  the  ore  on 
the  lower  contact  is  again  the  result  of  differentiation  through 
contrasts  of  density,  the  sulphides  settling  to  the  bottom  of 
the  sheet.     Loewinson-Lessing  has  already  suggested  this  gen- 

♦Op.  cit.,  pp.  375  ff. 

+  0p.  cit.,  Part  2. 

tBull.  228,  U.  S.  Geol.  Surv.,  p.  89. 

§See  A.  P.  Coleman,  1904  report,  p.  213. 

II  J.  H.  L.  Vogt,  op.  cit.;  p.  229. 
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eral  hypothesis  to  explain  the  segregation  of  sulphide-ores, 
without,  however,  connecting  the  concentration  with  gravita- 
tive  influence.  Coleman  has  announced  the  view  that  the 
ores  have  thus  settled  to  the  bottom  of  the  sill,  but  has  not 
connected  the  action  with  the  digestion  of  acid  rock  in  the 
norite.*  The  whole  array  of  facts  connected  with  the  Sudbury 
intrusive  is  so  accordant  with  the  double  theory  of  assimilation 
and  diflEerentiation  through  density  stratification,  as  to  single 
out  this  particular  case  as  perhaps,  of  all  those  noted  in  the 
present  paper,  the  most  convincing  and  illuminating. 

It  is  necessary  that  brief  reference  be  made  to  an  alternative 
view  of  all  these  related  phenomena.  One  may  conceive  that 
the  granite-granophyre,  intermediate  rock  and  gabbroid  rock 
in  each  of  the  intrusive  sheets  may  be  explained  by  simple 
diflferentiation  from  an  original  magma  through  density  strati- 
fication but  without  the  aid  of  significant  assimilation  of  the 
country-rocks.  Lack  of  space  forbids  that  this  hypothesis  be 
here  discussed  at  length.  The  writer  believes  that  the  hypoth- 
esis is  untenable  or,  at  least,  is  much  less  adapted  to  explain- 
ing the  facts  than  the  h}T)othesis  of  assimilation  accompanied 
and  followed  by  differentiation.  Most  of  the  facts  on  which 
that  belief  is  founded  have  been  already  implied  or  expressly 
noted. 

Among  the  significant  facts  are  the  following : 

1.  There  is  a  close  similarity  in  composition  between  the 
granite-granophyre  zone  and  rims  of  manifest  digestion  about 
xenoliths  now  surrounded  by  gabbro.  This  consanguinity  is 
inexplicable  on  the  theory  of  mere  differentiation  within  the 
original  magma. 

2.  The  genetic  relationship  between  the  granite-granophyre 
zone  and  the  invaded  sediments  is  further  shown  by  certain 
special  features  already  described  among  the  structures  of  the 
acid  rock  in  the  Moyie  sill,  and  of  the  overlying,  metamor- 
phosed quartzite.  For  example,  the  development  of  remark- 
ably poikilitic  quartz  in  the  granite-granophyre  and  in  the 
recrystallized  quartzite  (the  quartz  of  the  latter  being  largely 
or  wholly  indigenous)  may  be  mentioned.  This  repeated 
occurrence  of  a  peculiar  structure  finds  no  simple  explanation 
on  the  pure-differentiation  theory. 

3.  In  the  period  of  high  temperature  preceding  the  viscous 
period  when  the  visible  xenoliths  were  frozen  in  the  gabbro, 
thousands  or  millions  of  other  xenoliths  were  completely  or  in 
part  digested  in  the  gabbro  ma^ma.  The  product  of  their 
digestion  can  be  found,  apparently,  in  no  other  place  than  in 
the  existing  acid  zone  of  each  intrusive  sheet. 

♦  1903  report,  p.  277. 
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4.  Mere  differentiation  of  an  original  magma  (throngh 
density  stratification)  cannot  readily  explain  the  slight  but 
certain  excess  of  silica  along  the  lower  contact  of  the  Mpyie 
sill.  That  degree  of  acidification  is  readily  understood  on  the 
assimilation  theory. 

5.  Alone:  the  British  Columbia  boundary  a  larcje  number  of 
contemporaneous  gabbro  sills  of  practically  identical  min- 
eralogical  and  chemical  composition  have  been  found.  In 
most  of  these  no  true  granite-granophyre  zone  occurs.  The 
composition  of  these  gabbros  is  essentially  equivalent  to  that 
of  the  gabbro  in  the  central  part  of  the  Moyie  sill ;  yet,  on  the 
pure-diiPerentiation  theory  we  should  expect  a  distinct  differ- 
ence of  composition  between  these  other  sills  and  the  basic 
pole  of  differentiation  in  the  Moyie  sill.  The  assimilation- 
differentiation  theory  finds  no  difficulty  in  the  essential  equiva- 
lence of  composition. 

6.  The  assimilation-differentiation  theory  demands  tliat  a 
great  absolute  amount  of  thermal  energy  be  credited  to  a  sill 
in  which  secondary  granite  has  been  formed ;  that  sill  must 
always  he  thick.  Other  things  being  equal,  granite  formed  by 
mere  differentiation  from  an  original  magma  should  be  found 
also  in  sills  of  less  thickness,  though  here  again  the  absolute 
thickness  must  be  considerable.  True  granite  with  the  I'ela- 
tions  described  in  this  paper  has  never  been  found  as  a  contin- 
uous zone  in  any  intrusive  sheet  500  feet  or  less  in  thickness. 
On  the  pure-differentiation  theory  it  is  difticult  to  understand 
why  differentiation  should  afford  true  granite  in  a  sheet  of  the 
strength  observed  at  Pigeon  Point,  and  should  not  afford  a 
true  granite  zone  in  a  sheet  400  or  500  feet  thick.  The 
assimilation-differentiation  theory  readily  interprets  the  fact  as 
due  to  the  relatively  enormous  amount  of  heat  required  for 
the  generation  of  the  granite-ffranophyre  zone,  namely,  an 
amount  of  heat  characteristic  only  of  thick  intrusive  sheets. 

7.  The  pure-differentiation  theory  has  to  face  another  ditfi- 
cult  question  which  does  not  arise  if  the  assimilation-differen- 
tiation theory  be  accepted.  Why  was  differentiation  in  the 
original  magma  postponed  to  the  moment  of  intrusion  ?  This 
ditHculty  is,  of  course,  by  no  means  conclusive  against  the 
pure-differentiation  theory,  but  it  means  one  more  imavoidable 
theoretical  burden  weighting  the  pure-differentiation  theory  in 
a  way  which  renders,  by  contrast,  the  assimilation-differentia- 
tion theory  one  of  relative  simplicity  and,  by  so  much,  of 
greater  strengtli. 

(reneral  Application, — In  the  foregoing  discussion  the  sec- 
ondary origin  of  some  granites  has  been  deduced  from  the 
study  of  intrusive  sills  or  sheets ;  but  it  is  evidently  by  no 
means  necessary  that  the  igneous  rock  body  should  have  the 
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sill  form.  The  wider  and  more  important  question  is  immedi- 
ately at  hand — does  the  assimilation-differentiation  theory 
apply  to  truly  abyssal  contacts?  Do  the  granites  of  stocks 
and  batholiths  sometimes  originate  in  a  manner  similar  or 
analogous  to  that  just  outlined  for  the  sillsJ 

The  writer  has  bricHy  noted  general  reasons  affording  affir- 
mative answers  to  these  questions.* 

Gabbro  and  granophyre  are  often  characteristically  associated 
at  various  localities  in  the  British  Islands  as  in  other  parts  of 
the  world. t  The  field  relations  are  there  not  so  simple  as  in 
the  case  of  the  Moyie  sill,  for  example,  but  otherwise  the  recur- 
rence of  many  coumion  features  among  all  these  rock-a^ocia- 
tions  suggests  the  possibility  of  extending  the  assimilation- 
differentiation  theory  to  all  the  granophyres.  Harker's  excel- 
lent memoir  on  the  gabbro  and  granophyre  of  the  Carrock  Fell 
District,  England,  shows  remarkable  parallels  between  his 
"laccolite"  rocks  and  those  of  Minnesota  and  Ontario.:]: 

At  Carrock  Fell  there  is  again  a  commonly  occurring  tran- 
sition from  the  granophyre  to  true  granite,  and  again  the  gran- 
ophyre is  a  peripheral  phase.  Still  larger  bodies  of  gabbro, 
digestinjr  acid  sediments  vet  more  enerffeticallv  than  in  the 
intrusive  sheets,  and  at  still  greater  depth,  would  yield  a  thor- 
oughly granular  acid  rock  as  the  product  of  that  absorption 
with  the  consequent  differentiation.  This  does  not  imply,  of 
course,  that  all  granites  are  of  this  origin,  but  it  is  quite  pos- 
sible that  most  intrusive  granites  are  either  of  this  origin  or 
have  been  more  or  less  modified  through  assimilation. 

The  ditficulty  of  discussing  these  questions  is  largely  owing 
\o  the  absence  of  accessible  lower  contacts  in  the  average 
granite  body.  All  the  more  valuable  must  be  the  information 
derived  from  intrusive  sills.  The  comparative  rarity  of  such 
rock-relations  as  are  described  in  this  paper  does  not  at  all 
indicate  the  exceptional  nature  of  the  petrogenic  events  signal- 
ized in  the  Movie,  Pigeon  Point  or  Sudburv  intrusives.  It  is 
manifest  that  extensive  assimilation  and  differentiation  can 
only  take  place  in  sills  when  the  sills  are  thick,  well  buried, 
and  originally  of  high  tem])erature.  All  these  conditions  apply 
to  each  case  cited  in  the  present  paper.  The  phenomena 
described  are  relativelv  rare  larc^elv  because  thick  basic  sills  cut- 
ting  acid  sediments  are  comparatively  rare. 

On  the  other  hand,  there  are  good  reasons  for  believing  that 
a  subcrustal  gabbroid  magma,  actually  or  potentially  fiuid,  is 
general  all  around  the  earth  ;  and  secondly,  that  the  overlying 
solid  rocks  are,  on  the  avera^je,  crvstalline  schists  and  sediments 

*  This  Joarnal,  vol.  xv,  1903,  p.  269,  vol.  xvi.  1903,  p.  107. 

f  See  A.  Geikie,  Ancient  Volcanoes  of  Great  Britain,  1897. 

i  Quart.  Journal  Geol.  Soc,  vol.  1,  1894.  p.  311  and  vol.  li,  1895,  p.  125. 
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more  acid  than  gabbro.  Through  local,  though  widespread 
and  profound,  assimilation  of  those  acid  terranes  by  the  gab- 
bro, accompanied  and  followed  by  differentiation,  the  batholithic 
granites  may  in  large  part  have  been  derived.*  True  batho- 
iiths  of  gabbro  are  rare,  perhaps  because  batholithic  intru- 
sion is  always  dependent  on  assimilation. 

The  argument  necessarily  extends  still  farther.  It  is  not 
logical  to  restrict  the  assimilation-differentiation  theory  to  the 
granites.  The  preparation  of  the  magmas  from  which  syenites 
and  diorites,  for  example,  have  crystallized,  may  have  been 
similarly  affected  by  the  local  assimilation  of  special  rock- 
formations.  The  development  of  some  of  the  anorthosites  of 
the  Canadian  and  Adirondack  Archean  was  possibly  condi- 
tioned on  the  digestion  of  part  of  the  associated  crystalline 
limestones  by  plutonic  magma. 

The  officers  of  the  Minnesota  Geological  Survey  have  shown 
that  the  same  magma  represented  in  the  soda  granite  and  grano- 
phyre  of  Pigeon  Point  forms  both  dikes  and  amygdaioidal 
surface  flows.f  The  assimilation-differentiation  theory  is  evi- 
dently as  applicable  to  lavas  as  to  intrusive  bodies.  But 
demonstration  of  the  truth  or  error  of  the  theory  will  doubt- 
less be  found  in  the  study  of  intrusive  igneous  bodies  rather 
than  in  the  study  of  volcanoes  either  ancient  or  modem. 

Finally,  the  fact  of  "  consanguinity"  among  the  igneous  rocks 
of  a  petrographical  province  may  be  due  as  much  to  assimilation 
as  to  differentiation. 

*Cf.  R.  A.  Daly,  op.  cit. 

fN.  H.  WincheU,  Final  Rep.  Minn.  Geol.  Surv.,  vol.  4,  1899,  pp.  519-22. 
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Art.  XXIV. — On  Tychite^  a  New  Mineral  from  Borax  Ldke^ 
California^  and  on  its  Artifi<iial  Production  and  its 
Melations  to  Northupite ;  by  S.  L.  Penfield  and  G.  S. 
Jamieson. 

IIistori<:aL — The  new  mineral  to  be  described  in  this  paper 
was  discovered  by  tlie  merest  chance  in  1895,  when  some 
minerals  from  Borax  Lake,  San  Bernardino  County,  California, 
were  being  studied  by  one  of  the  present  writers  (Penfield). 
At  the  time  mentioned,  word  had  been  received  from  Mr. 
Warren  M.  Foote  of  Philadelphia  that  lie  had  some  unknown 
minerals  from  the  Borax  Lake  region,  and  arrangement  was 
made  for  their  examination  in  the  mineralogical  laboratory  of 
the  SheflSeld  Scientific  School.  One  of  the  minerals,  which 
proved  to  be  a  new  species,  consisted  of  octahedral  crystals, 
averaging  about  S""*  in  diameter,  and  concerning  it  Mr.  Foote 
wrote  that  it  was  a  carbonate  of  magnesium  and  sodium  con- 
taining chlorine.  The  material  sent  for  examination  consisted 
of  a  large  number  of  the  octahedral  crystals,  and  from 
amongst  them  a  small  one,  which  was  perfect  in  form  and 
seemed  to  be  in  every  way  typical  of  the  lot,  was  selected  for 
the  purpose  of  making  a  few  preliminary  tests.  It  was 
brought  in  contact  with  a  drop  of  nitric  acid  on  a  watch  glass 
and  dissolved  with  effervescence ;  the  solution  gave  the  name 
test  for  sodium,  a  minute  drop  of  it  gave  the  reaction  for 
magnesium  with  ammonia  and  sodium  phosphate,  but  a  test 
for  chlorine  with  silver  nitrate  gave  a  negative  result.  Think- 
ing over  what  else  might  possibly  be  present,  the  idea  of  a 
sulphate  suggested  itself,  and  a  test  with  barium  chloride 
indicated  the  presence  of  the  SO^  radical.  Accordingly,  a 
letter  was  sent  to  Mr.  Foote  informing  him  that  there  evidently 
was  some  mistake,  for  the  mineral  he  had  sent  proved  to  be  a 
sulphate  and  not  a  chloride.  This  elicited  an  immediate  reply 
from  Mr.  Foote,  stating  that,  on  the  contrary,  the  mistake  was 
on  our  part,  for  he  had  always  obtained  the  test  for  chlorine 
and  had  repeated  the  experiment  with  like  results ;  thereupon 
the  test  was  repeated  by  us,  and  the  presence  of  chlorine  was 
found  in  one  crystal  after  another.  The  fact,  therefore,  was 
established,  that  in  the  material  sent  there  were  two  minerals 
crystallizing  in  octahedrons,  one  containing  the  sulphate  radi- 
cal, the  other  chlorine,  and  that  by  chance  a  crystal  of  the 
rarer  sulphate  happened  to  be  the  one  first  selected  for  making 
the  initial  examination.  A  preliminary  notice  of  the  chlorine 
compound  was  published  by  Mr.  Foote,^  who  named  the  min- 
eral northupite  after  Mr.  C.  H.  Northup  of  San  Jose,  California, 

♦  This  Journal  (3),  1,  p.  480,  1895. 

Am.  Jour.  Sol — Foubth  Sebies,  Vol.  XX,  No.  117.— Septemb£b,  1905. 
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who  first  observed  the  new  mineral  and  supplied  the  material 
for  investigation.  A  complete  study  of  the  chemical  composi- 
tion and  physical  properties  of  the  new  compound  was  subse- 
quently made  by  Pratt,  who  found  the  composition  to  be 
MgCO, .  Ka,CO, .  NaCl,  his  results  being  published  in  this 
Journal.* 

Being  assured  of  the  existence  of  a  second,  new,  octahedral 
mineral,  associated  with  the  northupite,  Mr.  Foote  generously 
responded  to  our  request  to  send  to  New  Haven  his  entire 
stock  of  crystals  in  order  that  a  search  might  be  made  for  the 
missing  sulphate.  The  following  simple  method  of  testing  was 
employed,  which  did  not  in  any  way  injure  the  specimens : 
Some  dilute  nitric  acid  containing  a  little  silver  nitrate  was 
prepared,  and  with  a  broom-straw  a  minute  drop  of  the  liquid 
was  applied  to  each  crystal.  Thus,  if  chlorine  was  present,  a 
little  silver  chloride  would  be  formed  and  the  drop  of  liquid 
would  become  milky-white.  In  testing  several  hundred  crys- 
tals in  this  way,  only  two  were  found  which  did  not  give  the 
reaction  for  chlorine.  One  of  these  was  a  small  but  perfect 
octahedron,  the  other  a  small  cluster  of  octahedrons,  oi  some- 
what inferior  quality  :  together  they  weighed  only  about  0*10 
gram.  It  was  hoped,  however,  that  by  sacrificing  the  speci- 
mens for  chemical  analysis  suflSeient  determinations  could  be 
obtained  for  deriving  the  formula ;  but  in  this  we  were  disap- 
pointed, for,  unfortunately,  the  analysis  met  with  an  accident 
before  a  single  determination  had  been  made.  We  were  thus 
compelled  to  abandon  the  hope  of  determining  the  composition 
of  the  new  mineral  until  other  crystals  should  be  found  in  new 
lots  of  the  northupite. 

Recently  our  attention  was  called  to  the  unknown  sulphate 
by  observing  in  the  stock  of  Mr.  Lazard  Cahn  of  New  York 
a  supply  of  northupite  crystals  which  he  generously  loaned  to 
us  for  examination,  but  when  tested  they  all  proved  to  be  the 
chlorine  compound.  Likewise  Mr.  Warren  M.  Foote  of  Phila- 
delphia has  been  kind  enough  to  send  us  his  entire  stock  of 
northupite,  consisting  of  something  over  four  thousand  crystals, 
among  which  we  had  the  good  fortune  of  finding  one  small 
octahedron,  weighing  but  O'OIOO  gram.  Curiously  enough, 
tliis  was  among  the  last  ten  crystals  which  were  tested,  and 
was  found  after  hope  of  obtaining  the  desired  sulphate  had 
practically  been  given  up. 

Ariificial 2yroduction. — P>elieving  that  the  unknown  sulphate 
would  prove  to  be  closely  related  to  northupite,  and  knowing 
that  de  Schultenf  had  succeeded  in  making  the  latter  arti- 
ficially, it  occurred  to  us  that  possibly  the  wished  for  sulphate 

♦  This  Jonrnal  (4),  ii,  p.  133,  1896 ;  also,  iii,  p.  75,  1897. 
f  Bull.  Soc.  Franc,  de  Min.,  vol.  xix,  p.  164,  1896. 
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might  also  be  prepared  synthetically.  Following  in  general 
the  method  of  de  Schulten,  8  grams  of  NajCO,  and  34  grams 
of  Na,S04  were  dissolved  in  120*^  of  water,  and  to  the  solution 
14  grams  of  MgSO^  were  added,  which  immediately  produced 
an  amorphoid  precipitate,  presumably  of  some  basic  magnesium 
carbonate.  The  mixture,  contained  in  a  flask,  loosely  stop- 
pered to  prevent  evaporation,  was  then  heated  on  a  steam 
bath.  By  using  chlorides  in  the  place  of  sulphates,  as 
described  above,  de  Schulten  succeeded  in  making  northupite 
in  a  crystallized  condition  in  about  seven  hours ;  in  our  exper- 
iment, however,  we  waited  live  days,  the  solution  being  heated 
without  interruption,  before  any  signs  of  crystallization 
appeared.  In  the  meantime  we  had  tried  heating  a  similar 
mixture  in  a  sealed  tube  at  a  high  temperature,  without 
definite  results,  and  had  practically  given  up  hope  of  obtaining 
the  desired  crystals.  It  was  almost  a  matter  of  accident, 
therefore,  that  the  flask  containing  the  mixture  was  left  stand- 
ing on  the  steam  bath  for  so  long  a  time.  When  the  crystal- 
lization had  once  started,  however,  it  apparently  proceeded 
quite  rapidly,  and  the  insoluble  material  in  the  flask  was 
almost  wholly  converted  into  octahedral  crystals,  very  sym- 
metrical in  development  and  remarkably  uniform  in  size,  about 
0*15™"  in  diameter.  Having  once  produced  a  crop  of  crystals, 
we  are  now  able,  by  "seeding"  or  adding  some  of  the  product 
already  formed  to  a  new  experiment,  to  produce  crystals  in 
fifteen  hours,  though  it  still  seems  to  take  several  days  to 
complete  the  reaction.  When  examined  under  the  microscope, 
it  was  foimd  that  each  crystal  contained  minute  inclusions, 
presumably  of  basic  magnesium  carbonate,  but  the  inclusions 
constituted  a  very  small  proportion  of  the  total  bulk  of  the 
material.  The  crystals  were  next  suspended  in  acetylene 
tetrabromide,  diluted  with  benzol,  and  it  was  found  that  they 
all  floated  when  the  specific  gravity  was  2'594,  and  on  diluting 
to  2*583  almost  all  of  the  material  sank.  The  mean  of  the  two 
values,  2*588,  may  therefore  be  taken  as  the  specific  gravity  of 
the  mineral.  It  was  fopiid  that  the  lighter  crystals,  left  float- 
ing on  the  heavy  solution,  were  preceptibly  riclier  in  inclusions 
than  those  which  sank  at  2'588.  The  crystals  are  quite  hard 
and  give  a  gritty  sensation  when  ground  in  an  agate  mortar. 
They  scratch  calcite  and  probably,  like  northupite,  have  a 
hardness  between  3*5  and  4.  The  crystals  are  isotropic  when 
examined  in  polarized  light.  Using  two  surfaces  which  come 
together  at  the  apex  of  an  octahedron  as  a  prism,  it  was  pos- 
sible to  determine  approximately  the  index  of  refraction,  but 
the  surfaces  of  the  crystal  were  not  good  enough  to  make  the 
determination  accurate  beyond  the  second  place  of  decimals : 
the  value  found  was  1*510,  while  Uy  for  northupite  was 
1-514. 
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An  analysis  of  the  purest  material,  separated  by  means  of 
the  heavy  solution,  gives  the  formula  2MgC0, .  2Na,C0, . 
Na^SO^,  the  results  being  as  follows  : 

I.  II.  Theory. 

SO, 15-08  15-06  15-33 

CO, 33-55  33-45  33-72 

MgO 15-83  15-77  15-33 

Na,0 35-49  35-65  35-62 

99-95  99-93  lOO'OO 

The  slight  discrepancies  between  the  results  of  the  analyses 
and  the  theory  are  probably  to  be  accounted  for  by  the  pres- 
ence in  all  of  the  crystals  of  the  minute  inclusions  mentioned 
on  the  previous  page. 

The  finely  powdered  salt  does  not  dissolve  to  any  extent  in 
hot  water,  nor  does  it  suffer  decomposition.  Some  powder, 
boiled  with  water  for  a  considerable  time,  then  filtered  and 
dried,  gave  the  following  results : — SO,,  found  15-21  per  cent, 
theory  15*33  per  cent.  The  filtrate  gave  only  a  slight  reaction 
of  a  sulphate  when  tested  with  barium  chloride. 

Name. — We  have  named  the  new  and  rare  sulphate  tychite^ 
from  Tvxrj^  meaning  luck  or  chance,  a  name  which  it  well 
deserves,  when  it  is  considered  that  out  of  fully  five  thousand 
specimens  examined,  the  very  first  crystal  and  one  of  the  ten 
last  crystals  tested  proved  to  be  the  sulphate,  and  only  two 
other  specimens  were  found,  the  ones  lost  in  an  unsuccessful 
attempt  to  make  an  analysis. 

Comparison  of  the  artificial  salt  with  the  natural  mhieral. — 
Without  question,  the  artificial  salt  is  identical  with  the  mineral 
found  at  Borax  Lake:  they  both  contain  the  same  constitu- 
ents. They  crystallize  not  only  in  the  same  system,  but  also  in 
octahedrons.  They  are  isotropic,  although  the  last  crystal  of 
tychite  found  showed  some  slight  action  on  polarized  light, 
which  seemed  to  be  confined  only  to  the  exterior  portions  of 
the  crystal,  for  fragments  from  the  interior  were  wholly  iso- 
tropic. The  specific  gravity  of  the  artificial  salt  is  2"588,  of 
the  crystal  examined  by  Pratt  (the  analysis  of  which  was  lost) 
2-456,  and  of  the  last  crystal  found  by  us  2*30.  The  last  crys- 
tal, however,  contains  numerous  inclusions,  which  undoubtedly 
account  for  its  low  specific  gravity.  As  far  as  can  be  recol- 
lected, the  crystal  examined  by  Pratt  was  very  white  and  pure, 
but  not  equal  in  transparency  to  the  artificial  crystals.  JBoth 
Pratt's  determination,  2-456,  and  ours  of  the  artificial  salt, 
2*588,  are  somewhat  higher  than  the  specific  gravity  of 
northupite,  as  might  be  expected  from  diflferences  in  composi- 
tion :     Pratt  found   the  specific  gravity  of  northupite  to  be 


S.  Z.  Penfield  and  G.  S.  Jamieson — Tychite,        221 

2'3805  and  de  Schiilten  determined  that  of  the  artificial  salt 
as  2*377.  By  using  two  of  the  faces  which  meet  at  the  apex 
of  the  octahedron  as  a  prism,  we  have  succeeded  in  determin- 
ing the  index  of  refraction  of  tlie  last  crystal  found.  The 
surfaces  of  the  octahedron  were  not  very  perfect,  and  had  to 
be  covered  over  for  tlie  most  part,  taking  the  reflections  of  the 
signal  from  only  the  tip  end  of  the  crystal,  and  the  refraction 
of  light  through  the  same.  The  value  obtained,  71^=1*508, 
compares  favorably  with  that  of  the  artifical  salt,  1*510,  espe- 
ciallv  when  it  is  taken  into  consideration  that  the  condition  did 
not  favor  exact  determinations  in  either  case.  A  further  argu- 
ment for  the  identity  of  tychite  and  the  artificial  salt,  if  any  is 
needed,  is  that  at  Borax  Lake  both  tychite  and  nortliupite  occur 
together,  and  were  formed  undoubtedly  under  similar  condi- 
tions, while  in  the  laboratory  either  of  these  closely  related 
chemical  compounds  may  be  made  by  only  varying  the  condi- 
tions of  the  experiment  by  using  sodium  sulphate  for  the  one 
and  sodium  chloride  for  the  other. 

Of  the  four  specimens  of  tychite  thus  far  found,  three  have 
been  very  symmetrically  developed  octahedrons,  but  small, 
measuring  not  over  3"""  in  diameter,  and  noticeably  whiter 
than  the  average  of  the  northupites.  It  is  the  small  size  of  the 
crystals  which  favored  the  discovery  of  the  new  mineral,  for 
in  the  original  preliminary  test  one  of  the  smallest  and  whitest 
specimens  was  selected,  both  because  of  its  evident  purity,  and 
also  with  the  idea  of  not  using  up  any  more  material  than  was 
necessary.  Those  who  may  happen  to  have  nortliupite  crystals 
and  wish  to  search  for  specimens  of  the  new  mineral,  may 
look  for  tychite  therefore  among  the  smaller  crystals.  We 
are  informed  in  a  recent  letter  from  Mr.  Northup  that  the 
chances  of  finding  additional  crystals  of  tychite,  or  of  the  asso- 
ciated minerals,  northupite  and  pirssonite,  are  too  remote  to  be 
seriously  considered,  as  the  old  borax  works  ar6  now  disman- 
tled. Tychite,  therefore,  promises  to  be  a  very  rare  mineral, 
unless  a  new  locality  for  it  happens  to  be  discovered.  The 
single  crystal  which  we  recently  had  the  good  fortune  to  find, 
Mr.  Foote  has  generously  presented  to  the  Brush  Collection  of 
the  SheflSeld  Scientific  School,  and  both  for  this  gift  and  for 
the  interest  he  has  taken  in  assisting  us  in  our  investigation  we 
take  pleasure  in  expressing  our  most  sincere  thanks. 

Comparison  of  tychite  and  northupite, — The  two  minerals, 
found  so  intimately  associated  with  one  another  and  both  crys- 
tallizing in  octahedrons,  are  chemically  closely  related,  but  in 
order  to  show  the  relation  it  is  necessary  to  double  the  formula 
of  northupite,  as  determined  by  Pratt.  The  compositions 
may  then  be  expressed  as  follows  : 
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Ty chite,  2  MgCO. .  2Na,C0, .  Xa,SO,. 

Northupite,     2MgC0, .  2Na,C0, .  2NaCI. 

Other  physical  properties  are  given  below : 

Specific  gravity.  Index  of  refraction,  n^. 

rp     , .  2-456  natural.  1-508  natural, 

lycniie,  ^-sss  artificial.  1-610  artificial. 

XT    *i      •*       2*380  natural.  1-514  natural. 

Northup.te,    ^.^^  ^..^ig^iai. 

Theoretical, — There  seems  to  be  far  more  interest  connected 
with  the  present  investigation  than  the  mere  description  of  a 
new  species.  Although  northupite  is  somewhat  slowly  soluble 
in  cold  water,  and  is  quickly  decomposed  by  boiling  water  with 
the  separation  of  magnesium  carbonate,  tychite  is  almost 
insoluble,  even  when  its  tine  powder  is  treated  with  boiling 
water.  Unlike  most  insoluble  substances,  however,  which 
precipitate  quickly  as  soon  as  the  constituents  necessary  for 
their  formation  are  brought  together,  northupite  and  tychite 
are  formed  slowly.  In  de  Schulten's  experiment,  northupite 
was  obtained  after  seven  hours  heating,  and  in  ours  it  took 
nearly  as  many  days  of  continued  heating  to  obtain  crystals  of 
tvchite.  It  would  seem  as  though  the  slowness  with  which 
tliese  substances  are  formed  might  be  taken  as  an  indication  of 
their  having  a  complex  molecular  structure,  and  that  the 
element  of  time  is  necessary  for  the  arrangement  of  the  atoms 
in  a  state  of  equilibrium.  Just  what  the  arrangement  of  the 
atoms  is,  we  are  not  able  to  determine,  but  the  simplest  and 
most  symmetrically  developed  formulas  which  suggest  them- 
selves are  the  following : 

Na-Ox,^^0~Na 
Northupite,   Na-0-C-O-Mg-Cl     Cl-Mg~0-^-0-Na 


\0    -     C     -    O^' 
Na-O^^^O-Na 

Na-0<.,^^0-Na 
O    -     C      -    O 


Tychite,  Na-O-C-  O  -  Mg  -  (SO,)  -  Mg-O-C  -0-Na 


\0    __      c      -    O 

Xa-0^"\0-Na 

In  these  formulas  the  four  carbon  atoms  are  united  by 
oxygen  in  ring  formation,  which  it  may  be  assumed  it  takes 
some  time  to  establish,  but,  when  once  established,  accounts 
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for  the  stability  of  the  compounds.  It  is  possible  also  that 
the  assumed  symmetrical  arrangement  of  the  atoms  in  the 
molecule  is  the  cause  of  the  crystallization  of  these  compounds 
in  the  isometric  system,  for,  as  a  rule,  salts  of  a  highly  com- 

Slex  nature  crystallize  in  some  system  other  than  the  isometric, 
foreover,  if  the  above  formulas  are  correct,  it  might  be 
expected  that  tychite  would  be  more  difficultly  soluble  in 
water  than  northupite,  for  the  SO^  radical  uniting  the  two 
magnesium  atoms  would  serve,  as  we  might  say,  to  protect  the 
latter  from  attack,  while  the  sodium  atoms  could  not  be  taken 
away  without  disturbing  the  equilibrium  of  the  molecule. 
Perhaps  also  the  union  of  the  magnesium  atoms  by  the  SO^ 
radical  in  tychite  is  more  difficult  to  establish  than  the  com- 
bination of  the  two  chlorine  atoms  witii  magnesium  in  north- 
upite, which  may  account  for  the  greater  length  of  time 
required  to  make  the  sulphate  compound  artificially. 

In  these  compounds,  two  chlorine  atoms  in  the  one  and  a  SO^ 
radical  in  the  other  play  the  same  role,  and  are  isomorphous 
with  one  another  in  the  broader  sense  of  the  term,  namely,  that 
different  constituents  may  enter  into  similarly  constituted  mole- 
cules without  changing  the  crystalline  form.  In  simple  chemical 
compounds,  it  is  contrary  to  all  experience  that  a  chloride  and 
a  sulphate  should  have  the  same  crystalline  form,  or  be  isomor- 

Ehous  with  one  another.  In  the  salts  under  consideration, 
owever,  it  is  assumed  that  some  definite  arrangement  of  the 
large  number  of  sodium,  oxygen,  carbon  and  magnesium  atoms, 
by  virtue  of  ina^^  ^ff^ct^  determines  the  crystalline  form  of 
the  compounds,  and  that  the  roles  played  by  two  chlorine 
atoms  in  the  one  and  a  80^  radical  in  the  other  are  relatively 
so  unimportant  that  either  of  these  constituents  may  enter  into 
the  molecule  without  changing  the  crystalline  form.  Whether 
it  is  possible  to  obtain  a  single  crystal  containing  both  the  two 
chlorine  atoms  and  the  sulphate  radical  replacing  one  another 
as  isomorphous  constituents,  or  to  obtain  a  single  crystal  with 
a  nucleus  of  one  salt  and  an  external  growth,  in  parallel  posi- 
tion, of  the  other,  we  are  not  as  yet  able  to  state^  but  experi- 
ments along  these  lines,  to  determine  to  what  extent  the  prin- 
ciples of  isomorphism  may  be  applied  to  so  widely  different 
radicals  as  CI,  and  SO^  under  the  innuenee  of  mass  ettect  action, 
will  be  carried  on  and  form  the  subject  of  a  later  communica- 
tion. In  one  experiment,  in  which  the  attempt  was  being 
made  to  obtain  a  product  containing  both  CI,  and  the  SC)^ 
radical,  a  small  crop  of  octahedral  crystals  was  formed  which 
reacted  for  neither   chlorine   nor  sulphate.      In   appearance 

♦Compare  mass  effect  action  as  applied  to  tourmaline  (Penfield  and  Foote, 
this  Joomal  (4)»  vii,  pp.  122-124) ;  also  to  the  alunit^-jarosite  gronp  of  min- 
erals (HiUebrand  and  Penfield,  this  Journal  (4),  xiv,  pp.  216-220). 
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the  crystals  were  in  every  respect  like  those  of  the  artificial 
northupite  and  tychite.  As  seen  with  the  microscope  the 
crystals  were  full  of  inclusions,  and,  in  forming,  had  evidently 
enclosed  an  nnnsually  large  amount  of  amorphous  magnesium 
carbonate  precipitate.  We  assumed  at  once,  and  correctly,  that 
the  compound  would  prove  to  be  like  northupite  and  tychite, 
except  in  having  a  CO,  radical  in  the  place  of  CI,  and  SO^, 
namely,  2MgC0, .  2Na,C0, .  Na,CO, ;  see  page  222.  The  analy- 
sis, made  on  a  small  quantity  of  the  rather  impure  product, 
gave  almost  the  theoretical  percentage  of  CO,,  but  the  MgO 
was  high  and  the  Na,0  low,  which  was  to  be  expected. 
Attempts  will  be  made  later  to  produce  this  salt  in  a  state  of 
purity,  when  it  will  be  described  more  minutely. 

Mineralogical  Laboratory  of  the 

Sheffield  Scientific  School  of  Yale  University, 

New  Haven,  Conn.,  July,  1905. 
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Art.  XXV. — A  Modification  of  Victor  Meyer* a  Apparatus 
fo7*  the  Determination  of  Vapor- Densities ;  by  B.  J. 
Hakrington. 

The  ingenious  apparatus  devised  by  tlie  late  Professor 
Victor  Meyer  for  the  determination  of  vapor-densities  has 
been  in  use  for  many  years  and  has  proved  of  great  vahie  for 
the  purpose  for  which  it  was  intended.  It,  however,  lias 
certain  imperfections,  being  awkward  on  account  of  its  height 
and  very  liable  to  be  broken,  especially  in  the  hands  of  inex- 
perienced workers.  Two  modified  forms  of  the  apparatus 
nave  been  devised  by  the  writer  and  have  proved  so  useful  in 
our  own  laboratories  that  it  has  been  deemed  worth  while  to 
publish  a  description  of  them.  In  both  cases  an  attempt  was 
made  to  simplify  the  apparatus  and  make  it  more  convenient 
and  rapid  to  work  with. 

The  first  form  tried  is  that  shown  as  fig.  I  in  the  accompany- 
ing illustration.  It  will  be  observed  that  the  receptacle  dd  is 
horizontal  instead  of  vertical  and  that  the  long  stem  of  Meyer's 
apparatus  is  bent  upon  itself  a  number  of  times  ;  the  apparatus 
accordingly  occupying  but  little  space.  Instead  of  the  long 
outer  tube  or  jacket  ordinarily  employed,  a  box  made  of  tinned 
iron  or  copper  is  used. 

In  making  an  actual  determination  the  space  around  the 
glass  at  m  and  k  (fig.  II)  is  packed  with  a  little  asbestus,  and 
it  has  been  found  advantageous  to  lay  a  piece  of  asbestus  card 
on  the  cover  of  the  box. 

The  weighed  material  in  the  ordinary  stoppered  tube  or 
bulb  is  dropped  in  at  e  (fig.  I)  and  as  it  has  not  far  to  fall 
there  is  no  need  of  the  usual  cushion  of  asbestus  or  sand.  As 
soon  as  one  operation  is  completed  the  vapour  is  quickly  swept 
out  of  the  apparatus  by  connecting  tlie  tube  ah  (fig.  I)  with 
the  vacuum-pump,  the  water  in  the  box  .^(fig.  II)  being  kept 
continuously  boiling.  In  this  way  one  operation  quickly 
succeeds  another,  and  it  has  been  found  that  students  can  make 
two  or  three  determinations  in  the  time  required  for  one  with 
the  ordinary  apparatus. 

The  second  form  experimented  with  is  shown  at  III.  In 
this  the  receptacle  da  of  I  is  placed  vertically,  as  it  was 
thought  that  the  vapor  would  be  less  likely  to  be  carried  into 
the  aelivery  tube  than  if  the  horizontal  position  were  adopted. 
The  tube  e  is  somewhat  longer  than  in  the  first  form  (I)  but 
the  curve  at  the  bottom  checks  the  velocity  of  the  little  tube 
containing  the  liquid  and  no  asbestus  is  required  at  the  bottom 
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of  dd.     Like  Ko,  I,  tliis  form  is  mucli  more  easily  dried  out 
than  tlie  ordiiiary  apparatus.     The  metal  box  for  No.  III.  is 


not  shown  in  the  drawing,  l)ut  its  construction  can  be  readily 
understood.     "With  both  foniis  of  apparatus  e  was  closed  with 
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an  ordinary  cork,  a  correction  being  made  for  the  small  quan- 
tity of  air  displaced  by  the  cork,  but  of  course  one  of  the 
improved  appliances  for  introducing  the  liquid  could  be 
employed.  So  far  the  apparatus  has  been  tried  only  for  bodies 
witli  comparatively  low  boiling  points,  but  it  could  no  doubt 
be  adapted  for  use  with  liquids  with  higher  boiling  points. 

The  following  table  gives  a  series  of  molecular  weight 
determinations  kindly  made  for  me  by  Mr.  Douglas  Mcintosh, 
D.Sc,  of  this  university,  with  the  dinerent  forms  of  apparatus, 
and  gives  an  idea  of  the  results  which  may  be  expected. 
Apparatus  No.  II.  has,  on  the  whole,  been  found  to  give  more 
concordant  results  than  No.  I,  but  the  latter  is  simpler  and  less 
likely  to  l)e  broken  than  the  former  and  in  either  case  the 
figures  obtained  are  suflBciently  accurate  for  the  purpose. 
They  were  obtained  by  working  very  rapidly  and  with  no 
special  precautions,  and  cannot  therefore  be  fairly  compared 
with  those  given  by  Victor  Meyer's  apparatus  in  the  last 
column ;  for  in  the  case  of  the  latter  Dr.  Mcintosh  states  that 
he  took  every  precaution  in  order  to  ensure  the  most  accurate 
results  possible. 


Molecular  Weight  Determinations  made  by  Mb.  Douglas 

McIntosij,  D.Sc.     (Air=2  X  14-44) 


Modified 

Modified 

Meyer's 

Apparatus 
No.  I. 

Apparatus 
No.  II. 

Apparatus. 

Methyl 
Alcohol 

35-0 
36-0 

CH,OH 

36-9 

32-9 

(32) 

36-5 

33-4 

340 

33-5 

31-91 

36-9 

33-1 

31-94 

34-7 

34-8 

37-2 

Mean    35-8 

Mean    33-2 

Mean    31*93 

Methyl 
Alcohol 

46-0 
431 

44-1 

C,H.OH 

45-0 

44-7 

46-70 

(46) 

44-5 
43-6 
42-3 

44-3 

46-10 

Mean    44*1 

• 

Mean    44*4 

Mean    46-40 

228  Hannngton — Modificatiofi  of  Victor  Meyer^s  Apparatus. 


Modified 
Apparatus 

Modified 

Apparatus 

No.  II. 

Meyer's 
Apparatus. 

Acetone 

59-4 

gJJ;>  CO 

57-2 
59-2 

58-9 

(58) 

58-0 

59-0 

57-90 

59-0 

58-5 

57  80 

59-1 

Mean 

58-6 

Mean  58-8 

Mean      57*85 

Ether 

76-1 

(C,H.).0 
(74) 

80-0 
82-6 
74-9 

77-7 
75  0 

75-70 

82-6 

77-1 

76-90 

76-1 

76*2 

Mean 

78-7 

Mean    76-5 

Mean    76-30 

Benzol 

77-3     • 

(C.H.) 
(78) 

73-3 
80-2 

81-2 
80-8 

79-00 

81-1 

80-4 

79-20 

81-7 

79-7 

Mean 

78-7 

Mean    80-5 

Mean   79-10 

Chloroform 

134-9 

CHCl, 

131-5 

(119-5) 

122-6 
126-3 
136-8 

124-2 
124-9 

125-5 

122-8 

123-20 

Mean 

125-8 

126-2 

123-00 

129-1 

Mean  124-5 

Mean  123-10 

McGill  University,  May,  1905. 
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Art.  XXVI. — A  New  Lower  Tertiary  Fauna  from  Chappa- 
quiddick  Island^  Martha^ a  Vineyard  ;*  by  Thomas  C. 
Brown.     (With  Plate  VIII.) 

Chappaquiddick  Island  lies  at  the  eastern  end  of  Martha's 
Vineyard  and  owing  to  the  shifting  nature  of -the  sands  and 
varying  tidal  currents,  it  is  at  times  connected  with  that  island, 
but  it  is  for  the  greater  part  of  the  time  completely  separated 
from  it.  Dr.  Arthur  Ilollick  has  made  a  very  careful  study 
of  the  structure  of  this  island  and  collections  of  the  molluscs 
and  plants  found  fossil  upon  it.  The  fossil  plants  have  been 
very  fully  described  by  him  in  the  Bulletin  of  the  New  York 
Botanical  Garden,  vol.  ii,  No.  7.  The  mollusc  material  has 
not  been  described  and  its  horizon  was  provisionally  set  as  Cre- 
tacic  by  Dr.  Ilollick  because  of  the  similar  lithological  char- 
acter of  this  material  with  other  deposits  on  Martha's  Vineyard 
containing  undoubted  Cretacic  fossils. 

A  careful  study  of  the  fossils  has  shown  that  this  material  is 
not  Cretacic  but  Eocene  in  age  and  that  it  contains  a  new  and 
peculiar  fauna,  a  fauna  which  differs  considerably  from  that  of 
the  Eocene  deposits  of  the  southern  Atlantic  slope. 

In  describing  the  deposits  from  which  these  moUuscan 
remains  were  obtained  Dr.  Hollick  says :  " .  .  -  the  Island  may 
be  said  to  be  composed  of  reassorted  drift.  .  .  .  These  hills  in 
general  may  be  described  as  kame-like,  both  in  appearance  and 
m  composition.      They  are  rounded  accumulations  of  sand, 

f ravel  and  cobble  stones,  with  some  bowlders,  and  were  evi- 
ently  formed  by  water  action.  In  many  places  the  sand  and 
gravel  is  cemented  together  by  limonite,  forming  hard  lenses 
and  strata,  and  ferruginous  concretions  and  shaly  fragments 
are  abundantly  represented."  f 

In  his  geological  studies  of  Martha's  Vineyard  and  surround- 
ing islands  Professor  Shaler  recognizes  these  ferruginous  con- 
cretions and  concerning  them  he  says :  "  On  the  Island  of 
Chappaquiddick  and  in  the  region  near  Edgartown,  occasional 
fragments  of  a  ferruginous  sandstone  are  found  which  closely 
resemble  in  their  general  character  the  materials  containing 
the  Cretaceous  fossils,  but  as  they  offer  no  organic  remains  I 
hesitate  to  consider  them  of  that  age."  X 

Dr.  Hollick  considered  these  concretions  as  lithologically 
identical  with  those  containing  Cretacic  molluscs  and  plants 
and  set  out  to  make  a  collection  of  organic  remains  that  would 

♦  The  investigations  on  which  this  paper  is  based  were  carried  on  in  the 
Paleontological  Laboratory  of  Colnmbia  University  and  the  types  of  these 
species  are  in  the  university  coUection. 

fBnll.  N.  Y.  Botanical  Garden,  vol.  ii,  No.  7,  p.  899. 

JN.  S.  Shaler,  7th  Ann.  Report  U.  S.  G.  S.,  p.  326. 
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substantiate  the  point.  "  A  systematic  exploration  of  all  expo- 
sures was  therefore  prosecuted ;  hundreds  of  the  concretions 
and  shaly  fragments  were  broken  open  and  critically  examined 
and  the  result  was  a  collection,  not  only  of  molluscs  but  also  of 
plant  remains,  a  few  of  which  were  found  suflSciently  well  pre- 
served for  identification."* 

Upon  his  return  Dr.  IloUick  submitted  the  molluscs  to 
Professor  R.  P.  Whittield  of  the  American  Museum  of  Natural 
History  for  a  hasty  examination,  and  concerning  them  Pro- 
fessor Whitfield  spoke  thus :  "  I  have  examined  the  fossils  you 
sent  the  other  day  but  I  cannot  satisfy  myself  as  to  their  age. 
They  consist  of  a  Modiola^  which  apparently  does  not  differ 
from  our  common  M,plicatula^  of  the  harbor  here ;  B.n  Anemia 
which  might  pass  for  A.  gigantaria  of  the  lower  greensand 
marls  of  New  Jersey,  if  it  were  not  for  the  Modiola ;  also  a 
single  imperfect  internal  cast  of  a  small  (young  ?)  Pectuncvlu^ 
not  enough  of  it  to  tell  the  species,  and  a  small  bivalve  of 
which  I  cannot  yet  determine  the  genus.  These  are  the  only 
shells  I  can  recognize,  and  from  their  evidence  I  should  think 
the  rocks  could  hardly  prove  to  be  Cretaceous."  f 

These  fossils  were  also  submitted  to  Professor  Grabau  of 
Columbia  University  for  examination.  "  Mr.  Grabau  is  of  the 
opinion  that  they  may  represent  a  new  fauna,  of  more  recent 
age  than  the  Cretaceous,  and  this  is  quite  consistent  with  the 
conditions  under  which  they  occur,  so  far  to  the  south  of  any 
recognized  Cretaceous  outcrop.  The  character  of  the  matrix 
also,  with  a  single  exception,  is  notably  different  from  that  in 
which  undoubted  Cretaceous  molluscs  have  been  found  else- 
where, being  a  micaceous  sandstone  instead  of  a  hardened  clay 
or  greensand."  J 

A  careful  study  and  detailed  comparison  of  these  fossils 
with  descriptions,  figures,  and  specimens  of  the  Cretacic  and 
Eocene  species  shows  that  these  fossils  represent  a  new  fauna 
of  Eocene  age.  This  fauna,  however,  differs  widely  from  that 
of  the  Eocene  deposits  of  the  South  Atlantic  coast  and  seems 
to  be  more  closely  allied  in  general  to  the  Eocene  of  England. 
Some  of  the  specimens  are  very  well  preserved,  while  others 
are  only  represented  by  external  and  internal  molds.  Many  of 
these  molds  are  of  such  a  nature  and  so  well  preserved  that  a 
wax  impression  can  easily  be  taken  and  the  characters  of  the 
fossil  observed  and  compared.  The  following  descriptions  and 
comparisons  include  the  best  preserved  and  most  typical  speci- 
mens. Some  of  these  are  not  perfect  enough  to  oe  described 
as  new  species,  but  most  of  them  can  be  generically  placed. 

*Bull.  New  York  Botanical  Garden,  vol.  ii,  No.  7,  pp.  399-400. 
t  Bull.  N.  Y.  Botanical  Garden,  vol.  ii,  No.  7,  p.  400. 
ilbid.,  p.  401. 
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Modiola  vineyardensis  sp.  n.     PI.  I,  fig.  1. 

Shell  strongly  ventricose,  with  a  very  prominent,  almost 
angular  umbonal  ridge  extending  from  the  beak  to  the  ventral 
margin.  Shell  distinctly  concave  anterior  to  this  ridge ;  pos- 
terior to  this  ridge  it  becomes  flattened  toward  the  posterior 
margin  ;  anterior  end  extremely  short  barely  extending  beyond 
the  beak ;  posterior  margin  angulate,  front  margin  nearly 
straight  only  a  slight  emargination  occurring,  basal  end 
roimded ;  the  portion  of  the  margin  from  the  end  of  the  hinge 
line  to  near  the  point  of  angulation,  and  from  beyond  the  point 
of  angulation  to  the  ventral  margin,  are  almost  straight  lines. 
Surface  with  pronounced  raised  radii,  flattened  at  the  top  and 
separated  by  spaces  equal  to  or  slightly  wider  than  the  radii ; 
the  radii  are  very  fine  and  crowded  on  the  anterior  portion  of 
the  shell,  much  coai'ser  on  the  median  and  posterior  region, 
and  distinct  from  the  beak  to  the  margin.  They  increase  in 
size  progressively  from  the  dorsal  to  the  ventral  portion  of  the 
shell,  with  a  corresponding  increase  in  the  width  of  the  inter- 
spaces. They  increase  in  number  by  intercalation  as  well  as 
bifurcation.  Fine  distinct  growth  lines  cross  and  cancellate 
the  radii. 

This  species  resembles  31.  alabamensis  Aldrich,*  from  the 
Eocene  of  Maryland,  but  differs  from  it  in  general  outline.  It 
has  a  less  curved  anterior  border  and  more  radii,  which  are  very 
distinct  from  the  margin  to  the  beak.  The  shell  is  shorter 
antero-posteriorly,  and  the  posterior  margin  is  more  obtusely 
angulate.  The  shell  of  M.  vineyardensis  is  also  more  ventri- 
cose and  the  umbonal  ridge  more  angular  and  more  pro- 
nounced. 

In  general  outline  this  species  approaches  more  nearly  M, 
gravimatua  Dall,f  from  the  Oligocene  of  Florida.  The  sur- 
face ornamentation  is  very  similar,  but  judging  from  DalPs 
figure  his  shell  is  less  ventricose  and  the  umbonal  ridge  less 
angular  and  less  distinct. 

But  even  closer  than  to  any  of  these  is  the  resemblance  of 
this  species  to  M,  eUgans  Sowerby:}:  from  the  Eocene  of  Eng- 
land as  figured  and  described  l)y  Wood  aiuong  the  Eocene 
bivalves.  In  general  outline  and  surface  ornamentation  the 
resemblance  is  very  close.  J/,  elegans  is,  however,  slightly 
less  angulate  at  the  postero-dorsal  margin  and  judging  from 
the  figures  is  less  ventricose. 

Compared  with  the  modern  M.  jpllcaUda  Lamarck,  living 
along  the  Atlantic  coast,  M,  vineyardensis  seems  to  be  nar- 

*Bull.  of  Am.  Palaeont.,  vol.  i,  p.  68,  pi.  v,  fig.  13. 

t  Trans.  Wagner  Free  Institute  of  Sci.,  vol.  iii,  pt.  4,  p.  794,  pi.  xxx,  fig.  2. 
i  Paleontological   Soc.   Monographs,   London  1861-71.     Eocene  Bivalves, 
p.  65,  pi.  zii,  Sg.  5  (c). 
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rower  toward  tlie  ventral  portion  of  the  shell,  while  the  pos- 
tero-ventral  margin  is  more  nearly  a  straight  line  and  the  radii 
are  more  numerous  and  finer  and  proportionately  more  widely 
separated.  In  M.  vineyardensis  and  M.  plicatula  the  mode 
of  increase  in  the  number  of  the  radii  by  occasional  intercala- 
tion! and  bifurcation  is  very  similar.  In  M,  plicatula  the 
umbonal  ridge  is  less  angulate  and  less  pronounced. 

The  shell  described  is  a  left  valve  with  the  following  meas- 
urements :  length  32*5™™,  width  14*"™.  Several  small  specimens 
of  this  same  species  occur  in  other  fragments  of  the  concre- 
tions, as  well  as  imprints  of  these  shells.  These  smaller  speci- 
mens correspond  exactly  with  the  growth  lines  of  the  younger 
stages  in  the  larger  individuals. 

Modiola  vineyardensis  mut.  iiiornata. 

This  mutation  is  very  similar  to  the  type  of  the  species 
described  above,  except  that  the  radii  are  very  faintly  marked. 
Fine,  distinct,  concentric  growth  lines  mark  the  surface.  Dis- 
tinct radii  can  be  seen  on  the  anterior  and  umbonal  region  of 
the  shell.  These  radii  are  flattened  on  top  and  separated  by 
very  narrow  impressed  lines.  They  fade  out  as  they  pass  away 
from  the  umbonal  and  completely  disappear  on  the  ventral 
portion  of  the  shell. 

This  mutation  is  represented  in  the  collection  by  a  compara- 
tively small  left  valve. 

Modiola  HoUicki  sp.  n.     PI.  VIII,  fig.  2. 

Shell  ventricose,  with  a  prominent  umbonal  ridge  extending 
from  the  beak  to  the  ventral  margin ;  shell  sloping  abruptly  to 
the  anterior  margin  and  becoming  flat  in  the  postero-dorsal 
part ;  anterior  end  rather  short ;  anterior  end  rounded,  front 
margin  slightly  arcuate,  ventral  margin  broadly  arcuate, 
rounded,  postero-dorsal  margin  obtusely  angulate;  cardinal 
line  straight;  surface  without  ornamentation  except  for  rather 
faint  concentric  lines  of  growth. 

In  general  outline  this  species  somewhat  resembles  M, 
Mitchelli  Morris,*  from  the  Eocene  of  England.  It  has  a  more 
obtuse  postero-dorsal  angle  and  is  slightly  narrower,  with  a 
slightly  arcuate  anterior  margin  instead  of  being  emarginate 
as  m  tliat  form. 

Hepresented  in  the  collection  by  two  specimens,  one  nearly 
perfect  left  valve  (fig.  2)  and  a  valve  lacking  the  beak  and 
hinge  area.  These  occur  together  with  the  Corbulas  (see  be- 
low) in  a  fine-grained  hard  ferruginous  lutyte  concretion  quite 
different  in  character  from  the  micaceous  sandstone  concretions 
in  which  all  the  other  fossils  are  found. 

*  Palaeontological  Society  Monographs  (see  above),  p.  68,  pi.  xiU,  fig.  10. 
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Corbula  Whitfieldi  sp.  n.     PI.  VIII,  fig.  3. 

Shell  large  for  the  genus,  ventrieose  and  subtriangular ;  beak 
high  and  incurved ;  anterior  margin  sharply  rounded,  ventral 
margin  broadly  arcuate  in  the  median  and  anterior  portions 
but  sinuously  emarginate  posteriorly  ;  the  posterior  end  of  the 
shell  is  narrow,  produced  and  abruptly  truncated.  Surface 
marked  by  distinct  concentric  asymmetrical  folds  or  concentric 
wrinkles  which  are  broadly  rounded  on  top,  with  the  dorsal 
border  slightly  broader  and  not  as  abruptly  sloping  as  the 
ventral  border.  The  folds  are  separated  by  narrow  chaimeled 
interspaces.  These  folds  constitute  a  surface  ornamentation, 
and  not  lines  of  growth,  as  is  shown  by  the  fact  that  they 
increase  in  number  by  intercalation,  some  folds  extending  from 
the  anterior  to  the  median  portion  of  the  shell,  while  others 
extend  almost  to  the  posterior  end.  The  principal  folds  extend 
to  the  posterior  end  and  are  there  sharply  Hexed.  These  folds 
are  well  defined  on  the  ventral  half  of  the  shell  and  become 
finer  and  more  crowded  on  the  umbones  and  almost  disappear 
at  the  beaks. 

This  species  approaches  very  closely  in  general  outline  and 
surface  ornamentation  to  C,  alaeformis^  Gabb,  from  the 
Tejon  formation  of  California,  but  is  less  than  one-half  as 
large.  The  concentric  folds  become  finer  and  more  crowded 
on  the  umbonal  region  in  the  specimen  from  Chappaquiddick 
than  in  that  figured  by  Gabb. 

This  species  also  somewhat  resembles  C,  8uhe7iqonata\  Dall, 
from  the  Eocene  of  Maryland  and  Virginia,  but  differs  from 
that  species  in  being  narrower  anteriorly  and  more  produced 
posteriorly,  and  in  the  absence  of  a  subcarinate  ridge  extending 
from  the  umbo  to  the  posterior  margin.  The  concentric  folds 
are  also  more  crowded  and  less  prominent  on  the  umbonal 
region. 

The  material  in  hand  represents  a  right  and  a  left  valve. 
These  specimens  occur  in  a  very  fine-grained  hard  ferruginous 
lutyte  concretion,  quite  different  in  character  from  the  material 
in  which  most  of  the  other  fossils  are  found. 

Anomia  simplexlformis  sp.  n.     PI.  VIII,  fig.  10,  11. 

Shell  subovate  and  prolonged  in  the  region  of  the  beak ;  left 
valve  very  globose,  nearly  equilateral,  somewhat  irregular; 
beak  located  in  median  dorsal  portion  of  the  shell,  submarginal, 
slightly  projecting  and  incurved  ;  surface  without  ])lications 
or  ornamentation,  except  possibly  very  faint  indications  of 
concentric  lines  of  orrowth. 


ft 


Palaeontology  of  California,  vol.  ii,  p.  177,  pi.  xxix,  fig.  63. 
tMd.  Geol.  Snr.,  Eocene,  p.  163,  pi.  xxxii,  figs.  1,  la,  2,  2a,  2b. 
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A  portion  of  a  riffht  valve,  probably  of  this  species,  is  present 
in  a  fragment  of  the  ferruginous  concretion  (fig.  11).  It  is 
very  much  flattened,  more  or  less  irregular,  with  large  byssal 
opening  and  indications  of  very  faint  concentric  growth  lines. 

This  species  is  represented  by  several  complete  or  nearly 
complete  left  valves,  varying  greatly  in  size,  the  length  ranging 
from  ten  to  thirty  millimeters.  It  resembles  very  closely  the 
modern  A,  simplex  from  the  shores  of  Long  Island.  It  has 
the  same  general  outline  and  shape,  and  approaches  that  species 
in  size  and  in  the  absence  of  surface  plications  and  other  orna- 
mentations. 

Anomia  paucistriata  sp.  n.     PI,  VIII,  fig.  12. 

Shell  subcircular,  somewhat  irregular ;  left  valve  convex, 
nearly  equilateral ;  beak  submarginal,  dorso-medially  placed 
and  not  pronounced ;  surface  marked  by  a  few  faint  radiating 
striations,  crossed  and  cancellated  by  very  fine  concentric  lines 
of  growth. 

This  species  is  smaller  than  the  preceding,  averaging  in 
length  about  ten  to  twelve  millimeters.  It  is  represented  by 
several  left  valves.     Right  valve  unknown. 

Glycymeria  sp.  ?.     PL  VIII,  fig.  13. 

Represented  by  several  internal  molds  not  preserving  char- 
acters sufficient  for  specific  description.  The  figure  shows  the 
internal  characters  of  the  shell  and  is  drawn  from  a  wax  im- 
print made  from  a  mold. 

This  species  is  smaller  and  more  ovate  in  form  than  G, 
idoneus  Conrad,  from  the  Nanjemoy  and  Aquia  formations  of 
Maryland.  In  size,  form  and  general  appearance  it  resembles 
more  closely  Glycymeris  ( Pectunctdus)  deoussatvs  Sowerby, 
from  the  Eocene  of  England. 

Nucula  sp.  ?. 

Represented  by  a  few  small  internal  molds.  In  one  at  least 
the  dental  characters  are  very  well  preserved.  In  general  out- 
line these  resemble  very  closely  iv. potomacensis  Clark,  from 
the  Eocene  of  Maryland,  but  do  not  preserve  sufficient  charac- 
ters for  specific  identification  or  description. 

Turritella  sp.  ?.     PI.  VIII,  fig.  4. 

Shell  small,  spire  high,  angle  about  twenty-five  degrees 
each  whorl  marked  by  a  distinct,  well-defined  anterior  and 
less  prominent  posterior  spiral  carinate  ridge,  following  around 
above  and  below  the  suture,  otherwise  the  surface  is  smooth 
and  free  from  ornamentation ;  suture  distinct ;  whorls  closely 
placed  and  rapidly  increasing  in  size. 
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This  species  resembles  very  closely  a  Turritella  not  specifi- 
cally identified  from  the  Eocene  of  Whellock,  Texas,  in  the 
University  collection.  The  Whellock  specimen  is  larger  but 
has  the  same  apical  angle,  is  free  from  ornamentation  and  has 
the  anterior  and  posterior  carinate  ridges  present  but  faintly 
marked. 

This  description  is  based  on  a  wax  imprint  made  from  a  very 
perfectly  preserved  external  mold  in  a  red  micaceous  sandstone 
concretion.  The  full  length  of  the  shell  is  not  represented,  so 
that  the  number  of  whorls  and  dimensions  cannot  be  given. 
There  are  no  characters  of  aperture  and  lips  apparent. 

Terebra  sp.  ?.     PL  VIII,  fig.  5. 

Shell  elongate,  spire  elevated,  whorls  closely  placed,  rapidly 
enlarging,  flat  on  the  outer  surface  between  suture,  free  from 
ornamentation  or  with  very  faint  revolving  lines,  aperture 
elongate  elliptical,  pointed  anteriorly,  rounded  posteriorly ; 
outer  lip  thin  and  broadly  arcuate,  inner  lip  smooth  without 
callus  or  ridge. 

The  specimen  figured  occurs  on  the  edge  of  h  small  fragment 
of  rock.  The  apex  is  concealed  in  the  matrix  and  the  anterior 
end  of  the  aperture  is  slightly  injured  so  that  it  does  not  show 
the  minute  characters. 

Terebra  juv€nico8tata  sp.  n.     PI.  VIII,  fig.  6. 

Shell  small,  and  slender,  spire  elevated ;  apex  pointed,  acute 
with  an  apical  angle  starting  at  about  thirty  degrees  and 
decreasing  toward  the  body  wliorl  where  the  sides  oi  the  spire 
approach  to  parallelism;  the  whorls  are  closely  placed  and 
flattened  between  the  sutures.  There  are  distinct  ribbings  on 
the  earlier  whorls  which  become  less  distinct  along  the  advanc- 
ing spire  and  disappear  on  the  body  whorl. 

Odostonna  aemicoatata  sp.  n.     PI.  VIII,  fig.  7. 

Shell  small,  consisting  of  six  or  seven  volutions,  spire  ele- 
vated, apical  angle  thirty  degrees ;  sutures  very  pronounced  ; 
volutions  flattened  convex  between  sutures ;  earliest  whorls 
marked  by  distinct  transverse  plications  or  ribs  which  become 
almost  or  quite  obsolete  on  body  whorl ;  outer  lip  distinctly 
denticulate  within. 

The  aperture  and  columella  of  this  specimen  is  not  fully 
preserved  so  it  cannot  be  accurately  described.  Length  of 
shell  as  preserved  Q-S""™. 

Odostomia  crenulata  sp.  n.     PI.  VIII,  fig.  8. 

Shell  very  small,  spire  high  and  closely  coiled,  apex  sub- 
acute, whoris  flattened  externally,  faintly  crenulate  along  the 
posterior  margin,  suture  distinct,  aperture  and  lips  unknown. 
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Genus  ?  sp.  ?    PI.  VIII,  fig.  9. 

Shell  small,  loosely  coiled,  apex  acute,  whorls  five  or  six, 
well  rounded,  rapidly  increasing  in  size,  smooth  without  any 
ornamentation :  suture  quite  deep  and  distinct,  character  of 
aperture  and  lips  unknown. 

This  species  is  very  similar  to  a  Limnaea  in  shape  but  can 
hardly  be  one  of  these  as  it  appears  to  be  a  salt  water  form. 

Represented  in  the  collection  by  a  small  but  very  perfect 
external  mold  of  which  a  wax  impression  was  taken. 

Ostrea  sp.  ? 

Several  small  internal  molds  of  representatives  of  this  genus 
are  present  among  the  fragments  of  the  concretion.  These  are 
not  sufiiciently  well  outlmed  to  be  specifically  determined. 
They  seem  to  represent  at  least  two  or  three  diflferent  species 
and  all  are  comparatively  very  small. 

Car  (Hum  ?   sp.  ? 

Several  casts  doubtfully  referred  to  this  genus  are  to  be 
found  among  the  fragments  of  concretion  collected  by  Dr. 
Ilollick. 

These  fossils  represent  a  new  and  distinct  fauna  markedly 
different  from  that  of  any  other  Eocene  deposits  of  this 
country.  Since  this  fauna  does  not  contain  a  single  species  in 
common  with  the  Eocene  faunas  of  the  Atlantic  slope  and 
gulf  deposits,  it  cannot  be  accurately  correlated  with  these 
beds  and  assigned  its  proper  place  in  the  geologic  scale. 
Nevertheless  from  the  general  characteristics  of  the  contained 
species  and  their  affinities  to  forms  from  widely  distant  prov- 
inces, the  horizon  of  these  deposits  can  be  ascertained  with 
some  approximation  to  the  truth. 

Considering  the  marine  Eocene  deposits  of  this  country  as  a 
whole,  we  find  that  they  naturally  fall  into  several  provinces 
lithologically  quite  distinct,  and  containing  faunas  with  very 
few  species  in  common.  In  New  Jersey  there  is  a  small  and 
isolated  area '  known  as  the  Shark  River  beds  from  their  out- 
cro])  along  that  river.  According  to  Clark,  these  beds  repre- 
sent lower  Eocene  and  rest  conformably  upon  the  Cretacic 
below.  By  eai'ly  writers  they  were  considered  a  part  of  the 
Cretacic,  as  there  was  no  marked  line  of  separation  between 
them  and  the  underlying  strata.  The  fossils,  however,  were 
found  to  be  (^f  undoubted  Eocene  character,  and  although  the 
fauna  was  lacking  in  some  of  the  most  widely  distributed 
Eocene  s])ecies,  it  still  contained  no  characteristic  Cretacic 
forms. 

These  Shark  River  deposits  were  thought  by  Harris  to  rep- 
resent a  higher  horizon  than  the  Eocene  deposits  of  Maryland 
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and  Virginia,  and  Dall,  in  his  correlation  tables  of  the  North 
American  Tertiaries,  has  placed  them  in  the  Claibornian  stage 
or  equivalent  to  upper  Middle  Eocene.  The  fossils  of  this 
province  differ  so  widely  from  those  of  the  regions  immedi- 
ately to  the  south  that  correlation  is  very  diflScult,  and  even 
now  there  is  doubt  as  to  the  exact  position  of  these  beds. 

A  second  province  of  the  Eocene,  generally  known  as  the 
Paraunkey  formation  from  its  typical  development  along  the 
Pamunkey  River  in  Virginia,  begins  in  Delaware  and  extends 
across  Maryland  well  into  Virginia.  Lithologically  these 
deposits  have  more  similarities  to  those  of  the  provinces  to  the 
south  than  to  the  Shark  River  beds  of  New  Jersey,  yet  they 
are  sufficiently  distinct  both  lithologically  and  in  their  con- 
tained fauna  to  require  complete  separation.  According  to 
Clark  these  deposits  "  constitute  a  single  geological  unit." 

A  third  province  embraces  the  Eocene  deposits  of  the  Caro- 
linas  and  Georgia  and  affords  a  far  more  complete  series  of 
Eocene  strata  tnan  either  of  the  more  northern  areas.  The 
lower  beds  consist  of  arenaceous  and  conglomeratic  deposits, 
rather  sparingly  fossiliferous,  probably  because  the  material  by 
its  very  nature  was  not  adapted  to  permit  the  preservation  of 
fossils.  The  middle  and  upper  beas  are  well  developed  and 
represented  by  limestones  and  marls  containing  an  extensive 
fauna,  yet  quite  distinct  from  the  surrounding  provinces. 

A  fourth,  the  Gulf  province,  is  by  far  the  most  extensive  of 
the  Eocene  areas.  It  extends  from  Florida  to  Texas  and 
includes  the  so-called  Mississippian  embayment,  an  area  extend- 
ing well  up  into  the  Mississippi  basin.  All  stages  of  the 
Eocene  are  more  fully  represented,  but  both  lithologically  and 
paleontologically  this  province  is  very  distinct  from  those 
along  the  Atlantic  coast.  Peculiar  conditions  in  this  area 
resulted  in  the  interbedding  among  the  other  deposits  of  many 
lignitic  strata. 

A  fifth  marine  Eocene  province  occurs  along  the  Pacific 
coast,  and  outcrops  along  the  coastal  range  in  California,  Ore- 
gon and  Washington.  Tnese  deposits  are  generally  known  as 
the  Tejon  group  and  were  originally  referred  to  the  Cretacic. 
Later  study  has  shown  them  to  be  of  Eocene  age,  and  yet  their 
fauna  differs  widely  from  those  of  the  Atlantic  and  Gulf 
provinces. 

The  fauna  from  Chappaquiddick  represents  a  new  and  dis- 
tinct Eocene  province,  differing  from  all  the  other  provinces 
but  no  more  widely  different  from  these  than  they  are  from 
one  another.  Although  in  this  fauna  there  are  several  species 
somewhat  resembling  those  of  the  provinces  to  the  south,  on 
the  whole  it  would  seem  to  be  more  closely  allied  to  the 
Eocene  of  England.     The  genera  most  abundantly  represented 
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in  these  Chappaquiddick  deposits,  e.  g.,  Modiola^  Olycymeris^ 
are  also  among  the  most  abundant  in  the  English  deposits. 
These  same  genera,  although  represented  in  the  Atlantic  and 
Gulf  provinces,  are  there  more  sparsely  distributed  and  occur 
with  other  more  abundantly  represented  genera  that  appear  to 
be  altogether  wanting  in  the  Cnappaquiddick  deposits. 

A  comparison  of  this  Chappaquiddick  fauna  with  other 
Eocene  faunas  indicates  that  it  is  of  lower  Eocene  age,  the 
species  most  closely  resembling  those  found  in  this  fauna  being 
found  in  the  lower  beds  of  the  Atlantic  and  Gulf  provinces, 
the  Tejon  of  California  and  the  lower  beds  of  England.  These 
deposits  may  possibly  be  of  the  same  age  as  the  Shark  Kiver 
beds  of  New  Jersey,  but  being  deposited  in  a  region  separated 
from  this  have  no  forms  in  common  with  it,  but  such  correla- 
tion could  be  only  conjecture.  As  the  correlation  of  the  well 
known  Eocene  deposits  is  even  yet  very  uncertain,  it  is  unnec- 
essary and  impossible  to  place  these  beds  any  more  definitely 
than  simply  to  say  they  are  lower  Eocene. 

Colnmbia  University,  New  York  City. 

EXPLANATION  OF  PLATE  VUI. 

Figure  1. — Modiola  vineyardensis  _ p.  282 

FiQVRE  2.— Modiola  hoUicki p.  282 

Figure  3.— Corimto  Whitfieldi p.  288 

Figure  4.— rwrri7cZto  sp.  ? p.  284 

Figure  5.—Terehra  sp.  ? p.  285 

Figure  6. — Terebra  juvenicostata  .' p.  285 

Figure  7. — Odostomia  semicostata p.  285 

Figures. — Odostomia  crenulata p.  285 

Figure  9.— Genus?  sp.  I p.  286 

Figures  10  and  11. — Anomia  simplexiformis p.  238 

Figure  12. — Anomia  paucistriaia p.  284 

Figure  18. — Olycymeris  sp.  ? p.  284 
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Akt.  XXVIL — The  Production  of  BadiumJ^rom  Uranium; 

by  Bertram  B.  Boltwood. 

The  hypothesis  'that  radium  is  a  disintegration  product  of 
uranium  has  been  greatly  strengthened  through  the  demonstra- 
tion of  the  fact  that  in  radio-active  minerals  the  quantity  of 
radium  is  directly  proportional  to  the  quantity  of  uranium 
present.*  On  the  basis  of  the  disintegration  theory  a  propor- 
tionality of  this  sort  is  to  be  expected  between  the  parent 
element  and  its  radio-active  successor. 

Additional  data  on  this  highly  important  question  are  how- 
ever desirable,  and  a  single  experiment  likely  to  further  eluci- 
date the  problem  has.  been  independently  undertaken  by  a 
number  oi  different  investigators.  This  experiment  consists  in 
observations  conducted  on  a  carefully  purified  uranium  salt 
with  a  view  to  determining  w^hether,  with  the  lapse  of  time, 
measurable  quantities  of  radium  will  be  produced  within  it. 
If  radium  is  a  direct  product  of  uranium  through  the  inter- 
mediate stage  of  uranium-X  and  if  the  average  life  of  radium 
is  approximately  1,000  years,  then  it  can  readily  be  deduced 
that,  with  the  delicate  methods  of  measurement  at  command, 
the  quantity  of  radium  formed  in  a  few  hundred  grams  of 
uranium  salt  will  be  readily  detectable  and  measureable  after 
the  lapse  of  a  period  no  longer  than  a  month.  If,  however, 
one  or  more  transition  products  of  a  relatively  slow  rate  of 
change  intervene  between  the  substance  uranium-X  and  radium, 
the  production  of  radium  will  be  so  protracted  that  no  quantity 
of  it  suflBciently  great  to  permit  its  detection  will  be  formed 
within  a  greatly  extended  period. 

The  diniculties  involvecl  in  the  experimental  demonstration 
of  the  growth  of  radium  do  not  appear  to  be  great.  Uranium 
forms  no  radio-active,  gaseous  disintegration  product,  while  the 
radiuni  emanation  affords  a  most  convenient  means  of  quanti- 
tatively estimating  any  radium  which  may  be  present.  A 
solution  of  a  carefully  purified  uranium  salt  can  therefore  be 
repared  and  can  be  tested  at  intervals  for  radium  emanation, 
f  radium  is  formed  from  the  uranium  its  existence  will  be 
indicated  by  the  presence  of  radium  emanation  in  the  uranium 
solution. 

Three  papers  in  which  an  experiment  of  this  character  is 
described  have  been  published  by  Mr.  Soddy.f     In  the  first 

♦Boltwood,  Phil.  Mag.  (6).  ix.  599;  Stratt,  Proc.  Roy.  Soc.  Lond.,  Ixxvi, 
88;  McCoy,  Berichte  d.  dentsch.  chem.  Ges.,  xxxvii,  2641. 

t**The  Life-history  of  Radium,"  Nature,  Ixx,  30;  **The  Origin  of 
Radium,"  Nature,  Ixxi,  294;  *'The  Production  of  Radium  from  Uranium,'* 
Phil.  Mag.  (6),  ix,  768.  Mr.  Whetham  has  also  published  two  contributions 
on  the  same  general  topic  (Nature,  Ixx,  5;  ibid.y  Ixxi,  819)  in  which  he  states 


f, 
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paper,  published  May  12,  1904,  very  scanty  details  of  the 
experimental  procedure  are  given,  but  a  summary  of  the  con- 
clusions reached  at  that  time  by  the  author  is  as  follows : 

1.  The  quantity  of  radium  which  has  accumulated  in  one 
kilogram  of  uranium  nitrate  in  twelve  months  is  less  than  10'" 
gram. 

2.  The  question  so  far  as  the  production  of  radium  from, 
uranium  is  concerned  is  practically  settled. 

3.  If  uranium  changes  into  radium,  less  than  one  ten-thou- 
sandth part  of  the  theoretical  quantity  is  produced  during  the 
first  year's  accumulation. 

4.  The  evidence  may  be  taken  as  indicating  that  uranium  is 
not  the  parent  element  of  radium. 

The  second  paper,  published  Jan.  26,  1905,  eighteen  months 
from  the  commencement  of  the  experiment,  is  likewise  lacking 
in  a  detailed  account  of  the  experimental  methods,  but  the 
author  states  that  measurements  carried  out  at  that  time  with 
the  kilogram  of  uranium  nitrate  under  observation  indicate 
that  it  contains  l*5XlO~*  gram  of  radium,  a  quantity  which, 
while  of  considerable  relati^'e  magnitude,  is  only  one  nve-hun- 
dredth  of  the  amount  to  be  expected  from  the  disintegration 
theory  on  the  assumption  of  a  direct  change.  The  author 
suggests  that  the  greater  part  of  the  radium  emanation  may 
(under  the  conditions  of  the  experiment)  be  retained  in  the 
uranium  solution  and  not  evolved  as  a  gas.  On  the  basis  of 
the  amount  of  radium  assumed  to  be  then  present  it  is  deduced 
that  the  fraction  of  uranium  changing  per  year  is  2x10"". 

After  pointing  out  certain  sources  of  error  likely  to  have 
exercised  a  disturbing  influence  during  the  elapsed  period  of 
observation,  the  author  adds, — "if  the  whole  series  of  meas- 
urements from  the  commencement  are  recalculated,  eliminat- 
ing the  error  alluded  to,  they  are  fairly  consistent  with  there 
having  been  a  steady  production  of  radium  at  this  rate  contin- 
uously from  the  commencement."  One  of  the  sources  of 
error  alluded  to  was  the  introduction  of  very  considerable 
quantities  of  radium  salts  into  the  laboratory  during  the 
period  when  the  kilogram  of  uranium  nitrate  was  under  obser- 
vation. It  is  stated  that  the  presence  of  this  radium  greatly 
disturbed  the  electroscope  in  which  the  measurements  were 
conducted.  Additional  difficulty  had  been  previously  experi- 
enced in  attempting  to  standardize  the  measuring  instrument 
with  the  emanation  corresponding  to  a  known  weight  of  pure 
radium  salt. 

that  he  alsu  believes  that  he  has  observed  indications  of  the  growth  of 
radium  in  uranium  compounds.  Since  Whetham's  communications  contain 
neither  any  account  of  experimental  details  nor  any  record  of  quantitatiye 
measurements,  it  is  impossible  to  judge  as  to  the  value  of  the  data  on  which 
the  author's  conclusion  is  based. 
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The  third  and  more  elaborate  article  by  the  same  author 
appeared  in  the  June  number  of  the  Philosophical  Magazine. 
The  data  briefly  given  in  the  earlier  articles  are  here  treated 
at  greater  length  and  a  closer  insight  can  be  gained  of  the 
experimental  methods  and  the  results  on  which  the  author's 
later  conclusions  are  based.  Although  it  is  stated  in  this  paper 
that  observations  had  been  taken  occasionally  over  a  period  of 
eighteen  months  and  that  these  observations  indicated  a  grad- 
ual growth  of  the  emanating  power  of  the  uranium  solution, 
the  only  definite  and  directly  comparable  numbers  are  restricted 
to  a  total  period  of  about  three  weeks  (Dec.  17,  1904  to  Jan. 
9,  1905)  and  include  only  four  measurements  conducted  at  the 
close  of  the  period  of  observation. 

Without  entering  into  a  discussion  of  various  minor  details 
in  Mr.  Soddy's  papers,  it  is  desired  to  call  particular  attention 
to  the  follownig  important  considerations  in  relation  to  the 
experimental  data  submitted : 

rirst.  No  conclusive  evidence  is  brought  forward  to  show 
definitely  how  much  or  how  little  radium  was  present  in  the 
uranium  solution  at  the  commencement  of  the  experiment.* 

Second.  It  appears  extremely  possible  that  the  increase  in 
the  content  of  radium  which  Mr.  Soddy  believes  he  has  observed 
in  his  uranium  solution  may  in  fact  have  been  due  to  the  acci; 
dental  and  unconscious  introduction  of  radium  salts  during  the 
tests  conducted  at  the  end  of  the  twelve  months  period. 
According  to  his  own  statements  these  tests  were  carried  out 
in  a  laboratory  notably  contaminated  with  various  radio-active 
products,  and  the  accidental  introduction  of  the  sub-micro- 
scopic quantity  of  material  (1*6  X 10""  gram.)  which  was  after- 
wards detected  would  account  for  the  later  positive  results. 
The  liability  of  contamination  from  an  extraneous  source  is 
strongly  suggested  by  the  behavior  of  Mr.  Soddy's  electro- 
scope, in  which  the  normal  air  leak  has  risen  from  0*048  divi- 
sion per  minute  to  1*56  division  per  minute,  an  increase  of 
over  thirty  times,  during  the  period  covered  by  his  experi- 
ments. 

The  conditions  essential  to  the  elucidation  of  the  question  of 
the  actual  production  of  radium  in  uranium  compounds  would 
seem  to  be : 

*  The  writer  of  the  present  paper  convinced  himself  at  the  beginning  of 
his  own  experiments  that  the  method  of  procedure  followed  by  Mr.  Soddy 
in  testing  his  solutions  for  radinm  emanation  is  entirely  unsuited  for  the 
determination  in  question.  A  concentrated  solution  of  incompletely  puri- 
fied nraniom  nitrate  containing  traces  of  radium  gave  up  only  a  fraction  of 
the  total  radium  emanation  generated  within  it  when  the  solution  was 
allowed  to  stand  for  days  in  contact  with  a  small  air  space  and  air  was 
bnbbled  through  it.  It  was  speedily  found  that  only  by  boiling  the  solution 
▼igoroosly  for  about  fifteen  minutes  could  the  total  emanation  present  be 
positiyely  separated. 
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{a)  The  employment  of  a  method  for  the  determination  of 
radium  which  gives  positive  and  quantitative  results.  The 
method  must  be  suitable  for  tlie  determination  of  very  small 
quantities  of  radium  and  must  be  capable  of  indicating  the 
maximum,  quantity  present  at  all  times. 

{J})  The  preparation  of  a  pure  compound  of  uranium  and  the 
demonstration  that  the  compound  is  initially  free  from  radium. 

(<?)  Proper  conditions  for  testing  and  preserving  the  uranium 
salt  in  order  to  preclude  the  introduction  of  radium  or  radium 
emanation  from  external  sources,  so  that  if  the  presence  of 
radium  is  noted  it  can  be  assumed  with  certainty  that  the 
radium  found  has  actually  been  formed  in  the  solution. 

It  would  appear  that  none  of  these  essential  conditions  has 
been  fullilled  in  the  experiment  described  by  Mr.  Soddy. 

The  writer  of  the  present  paper  has  been  conducting  an 
experiment  on  the  growth  of  radium  in  a  uranium  solution  for 
the  past  thirteen  months.  The  conditions  of  the  experiment 
were  the  following:  In  May,  1904,  a  kilogram  of  "purest 
uranium  nitrate"  was  purchased  from  Eimer  &  Amend  of 
New  York  City.  This  material  was  tested  qualitatively  for 
radium  (through  the  emanation)  and  readily  detectable  quanti- 
ties of  this  element  were  found  to  be  present.  The  salt  was 
dissolved  in  distilled  water  and  the  solution  was  filtered.  The 
compound  was  then  recrystallized  five  separate  times,  the  con- 
ditions being  so  chosen  that  the  separate  crystals  of  each  of  the 
different  crops  were  not  over  two  millimeters  in  cross-section. 
The  mother  liquors  were  each  time  removed  from  t)ie  crystals 
on  a  suction  filter,  and  the  crystals  were  washed  with  a  small 
quantity  of  ice-cold  water. 

The  final  yield  of  purified  material  was  a  little  in  excess  of 
200  grams.  Of  this  100  grams  were  taken  and  dissolved  in 
pure,  distilled  water.  This  solution  was  introduced  into  a 
glass  bulb  with  a  capacity  of  approximately  400%  diluted  to 
about  250*^%  and  the  neck  of  the  bulb  was  drawn  out  into  a 
short  capillary  and  sealed  in  the  flame  of  the  blowpipe.  The 
solution  was  sealed  up  on  July  8,  1904.  Thirty  days  later  the 
bulb  was  opened  under  conditions  which  precluded  the  escape 
of  any  portion  of  the  contained  gases  and  the  entire  gaseous 
contents  were  removed  and  transferred  to  an  electroscope.  In 
order  to  completely  displace  the  dissolved  gases  and  any  radium 
emanation  which  might  have  been  present  the  solution  was 
boiled  vigorously  for  about  fifteen  minutes.* 

*The  removal  and  coUection  of  the  gaseouB  contents  of  the  bulb  was 
accomplished  by  the  nse  of  the  apparatas  which  has  been  described  in  a 
previous  paper  (this  Journal,  xviii,  379).  The  neck  of  the  bulb  containing 
the  uranium  solution  having  been  first  notched  with  a  file,  it  was  inserted 
in  the  rubber  tube  D,  the  point  was  broken  off  within  the  tube,  and  the 
gases  displaced  from  the  bulb  on  heating  were  collected  in  the  burette  D, 
which  was  filled  at  the  start  with  boiling  water. 
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The  type  of  electroscope  used  in  this  investigation  has 
already  been  described  (this  Jonmal,  xviii,  97).  The  ema- 
nation from  the  radium  associated  with  0*1  gram  of  nraninm 
in  a  radio-active  mineral  caused  a  leak  of  approximately  21 
divisions  per  minute.  Assuming  that  the  100  grams  of  uranium 
nitrate  contained  48  grams  of  uranium,  the  leak  correspond- 
ing to  the  quantity  of  radium  in  radio-active  equilibrium  with 
48  grams  oi  uranium  would  be  approximately  10,000  divisions 
per  minute.  The  normal  air  leak  of  the  instrument  was  0*012 
division  per  minute,  and  an  increase  of  0*005  division  per 
minute  could  have  been  detected  with  certainty.  The  electro- 
scope was  therefore  capable  of  indicating  the  presence  of  a 
quantity  of  radium  equal  to  5XlO~'  of  the  equilibrium  quan- 
tity. The  actual  quantity  of  radium  equivalent  to  a  leak  of 
0*005  division  per  minute  was  l*7xlO~"  gram.* 

On  introducmg  the  gases  presentf  in  the  uranium  solution 
into  the  electroscope  no  increase  in  the  leak  of  the  instrument 
could  be  detected  although  the  observations  were  continued 
over  a  period  of  ei^ht  hours.  The  quantity  of  radium  present 
at  the  start  was  therefore  less  than  1*7X10~"  gram. 

The  uranium  solution  in  the  bulb  was  allowed  to  cool,  and 
the  neck  of  the  bulb  was  again  sealed.  At  the  end  of  six 
months  from  the  start,  in  January,  1905,  the  uranium  solution 
was  again  tested  under  conditions  identical  with  those  under 
which  the  first  test  was  carried  out.  Entirely  negative  results 
were  obtained  and  the  quantity  of  radium  then  in  the  solution 
was  still  less  than  1*7X10~"  gram.  A  similar  test  was  con- 
ducted on  August  2,  1905,  390  days  from  the  commencement, 
and  no  evidence  of  the  presence  of  radium  emanation  was 
even  then  obtained.  It  can  therefore  be  positively  stated  on 
the  basis  of  sound  experimental  data  that  in  390  days  the 
quantity  of  radium  formed  from  48  grams  of  uranium  in  a 
uranium  nitrate  solution  is  less  than  1*7X10~"  gram. 

The  quantity  of  radium  which  can  have  been  produced  in 
the  given  time  is  therefore  less  than  one  two-millionth  of  the 
equilibrium  quantity  and  less  than  one  sixteen-hundredth  of 
the  quantity  which  would  be  expected  from  the  disintegration 
theory  if  the  value  of  X  for  radium  is  taken  as  8*8xl0~* 
(year)~\:|:  The  quantity  is  furthermore  only  about  one-tenth 
of  the  quantity  assumed  by  Mr.  Soddy  to  have  been  formed 
from  an  equal  quantity  of  uranium  in  his  solution  during  an 
interval  oi  eighteen  months. 

It  is  important  to  add  that  the  whole  series  of  measurements 
has  been  conducted  in  a  laboratory  which  has  been  carefully 

*  Rutherford  and  Boltwood,  this  Journal,  xx,  55. 

!At  the  end  of  the  80-day  period. 
Rutherford,  Trans.  Roy.  Soc.  London,  (A)  cciv,  215. 
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protected  from  contamination  bj  the  salts  of  radium  or  other 
radio-active  substances,  and  that  the  electroscope  used  has  been 
reserved  for  this  particular  research,  its  original  normal  air- 
leak  having  remained  unaltered  throughout  the  entire  period. 
It  has  therefore  been  unnecessary  to  introduce  any  corrections 
or  to  make  any  allowances  for  possible  errors  due  to  known 
causes  of  any  description. 

The  experiments  described  in  this  paper  are  considered  to 
indicate  that  the  results  obtained  by  Mr.  Soddy  are  without 
significance  and  that  one  or  more  products  of  a  slow  rate  of 
change  intervene  between  uranium  and  radium. 

It  is  claimed,  moreover,  that  the  conclusions  in  Mr.  Soddy's 
first  paper,  so  far  as  they  relate  to  the  direct  transformation  of 
uranium  into  radium,  are  more  truly  in  accord  with  the  actual 
facts  than  are  those  contained  in  his  later  publications. 

189  Orange  street,  New  Haven,  Conn. 
Angust,  1905. 
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I.    Geology. 

1.  Explorations  in  Turkestan  with  an  account  of  The  Basin 
of  JSastem  Persia  and  Sistan,  Expedition  of  1903 ^  under  the 
direction  of  KafuaeJj  Pumpelly.  4to,  324  pp.,  6  pis.,  174  figs  in 
text.  Washington,  D.  C.  (Published  by  the  Carnegie  Institu- 
tion of  Washington.  Publication  No.  26.  April  1905.) — This 
publication  contains  the  following  five  papers:  Archeological  and 
Physico-Geographical  Reconnaissance  in  Turkestan  by  Raphael 
Pumpelly  ;  A  Journey  across  Turkestan  by  William  M.  Davis ; 
Physiographic  Observations  between  the  Syr  Darya  and  Lake 
Kara  Kul,  on  the  Pamir,  1903,  by  Raphael  W.  Pumpelly  ;  A 
Geologic  and  Physiographic  Reconnaissance  in  Central  Turkes- 
tan, by  Ellsworth  Huntington  ;  The  Basin  of  Eastern  Persian 
and  Sistan,  by  Ellsworth  Huntington. 

Professor  Pumpelly  states  in  the  introduction  that  "At  the 
end  of  1902  the  Carnegie  Institution  voted  a  grant  to  me 
*for  the  purpose  of  making,  during  the  year  1903,  prelimi- 
nary examination  of  the  Trans-Caspian  region,  and  of  collecting 
and  arranging  all  available  existing  information  necessary  in 
organizing  the  further  investigation  of  the  past  and  present 
physico-geographiqal  conditions  and  archeological  remains  of  the 
region.' 

"The  investigation  was  proposed  because  (1)  there  is  a  school 
that  still  holds  the  belief  that  central  Asia  is  the  region  in  which 
the  great  civilizations  of  the  far  East  and  of  the  West  had 
their  origins  ;  and  (2)  because  of  the  supposed  occurrence  in  that 
region,  in  prehistoric  times,  of  great  changes  in  climate,  result- 
ing in  the  formation  and  recession  of  an  extensive  Asian  Medi- 
terranean, of  which  the  Aral,  Caspian,  and  Black  seas  are  the 
principal  remnants. 

"  It  had  long  seemed  to  me  that  a  study  of  Central  Asian  arche- 
ology would  probably  yield  important  evidence  in  the  genealogy 
of  the  great  civilizations  and  of  several,  at  least,  of  the  dominant 
races,  and  that  a  parallel  study  of  the  traces  of  physical  changes 
during  Quaternary  time  might  show  some  coincidence  between 
the  phases  of  social  evolution  and  the  changes  in  environment ; 
further,  that  it  might  be  possible  to  correlate  the  physical  and 
human  records  and  thus  furnish  a  contribution  to  the  time  scale 
of  recent  geology. 

"At  my  request  Professor  William  M.  Davis  assumed  charge 
of  the  physico-geographical  part  of  the  preliminary  reconnais- 
sance." 

In  concluding  he  remarks  that  "  We  have  shown  that  the 
recent  physical  history  of  the  region  is  legibly  recorded  in  glacial 
sculpture  and  moraines,  in  orogenic  movements,  in  valley  cutting 
and  terracing,  in  lake  expansions,  and  in  the  building  up  of  the 
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plains,  and  we  have  made  some  progress  in  correlating  these 
events. 

'^  We  have  also  found  full  confirmation  of  the  statements  as  to 
a  progressive  desiccation  of  the  region  of  long  standing,  which 
has  from  a  remote  period  continually  converted  cultivable  lands 
into  deserts  and  buried  cities  in  sands. 

"  We  have  found,  widely  distributed,  great  and  small  aban- 
doned sites  of  human  occupation,  with  evidences  of  great 
antiquity. 

'^  We  have  reason  to  think  that  a  correlation  of  these  physical 
and  human  events  may  be  obtained  through  a  continuance  of  the 
investigation,  and  that  archeological  excavations  will  throw  light 
on  the  origin  of  Western  and  Eastern  civilization." 

In  the  second  article  Professor  Davis  describes  his  observations 
upon  the  Caspian  region  with  its  abandoned  shore  lines  up  to  600 
feet  above  the  present  water-level,  and  the  traces  of  the  Pliocene 
sea  whose  deposits,  as  the  Russian  geologists  have  shown,  under- 
lie the  plains  of  southern  Turkestan.  He  says  of  the  Piedmont 
plains  that :  '^  Since  the  withdrawal  of  the  Pliocene  sea,  the  eastern 
and  southern  borders  of  the  plains  of  southern  Turkestan  appear 
to  have  been  aggraded  by  the  rivers  that  flow  out  upon  them 
from  the  mountains.  That  a  certain  measure  of  such  construc- 
tive action  has  taken  place  is  announced  by  the  Russian  geolo- 
gists, but  it  is  not  apparent  that  the  full  measui'e  of  river  action 
has  been  recognized.  Some  of  the  strata  of  the  plains  are  said 
to  be  not  fluviatile  but  lacustrine,  because  they*  are  of  fine  texture 
and  uniform  structure,  without  the  variable  layers  of  gravel  that 
are  by  implication  supposed  to  be  always  indicative  of  river 
work;  but  this  seems  to  be  a  simpler  solution  than  the  problem 
deserves.  There  are  many  rivers  that  do  not  carry  gravel,  and 
there  are  many  river  plains  whose  smooth  surface  must  receive 
very  even  and  uniform  deposits  of  flood-laid  silts  over  large 
areas.  Records  of  boring  are  quoted  by  Walther  which  show 
river  muds  on  sand  and  loess  to  a  depth  of  nearly  50  meters 
beneath  the  bed  of  the  Amu  River  at  Charjui,  where  the 
great  railroad  bridge  was  built.  The  record  of  a  well  boring 
at  Askhabad,  quoted  by  the  same  author,  shows  variable  pied- 
mont deposits  over  2,000  feet  deep.  It  seems,  indeed,  as  if  we 
had  in  the  plains  of  Turkestan  and  the  Great  Plains  of  our 
West  one  of  the  most  striking  of  the  many  physiographic  resem- 
blances between  Eurasia  and  North  America;  and  that  there  as 
well  as  here  an  increasing  share  may  be  given  to  the  action  of 
aggrading  rivers  in  forming  the  plains,  as  observations  are 
extended.  It  is  well  known  that  the  tide  of  geological  opinion 
in  this  country  has  in  recent  years  turned  more  and  more  toward 
a  fluviatile  origin  for  the  strata  of  the  Great  Plains  that  slope 
eastward  from  the  Rocky  Mountains,  and  the  traditional  lacus- 
trine origin  of  the  plains  strata  has  been  repeatedly  questioned  ; 
so  we  may  expect,  as  closer  attention  is  given  to  the  details  of 
river-laid  formations,  that  a  larger  and  larger  share  of  the  fresh- 


Geology.  247 

water  strata  that  slope  westward  from  the  mountains  of  Central 
Asia  may  be  interpreted  as  fluviatile  rather  than  as  lacustrine." 

"The  irregular  structure  of  the  piedmont  slope,  as  exposed  in 
cuts  along  the  railroad  line,  is  well  described  by  Walther.  There 
is  a  frequent  and  irregular  alteration  of  stratified  or  massive 
loess-like  clay,  finely  stratified  sands,  and  coarse  gravel,  with 
many. local  unconformities;  all  this  being  the  result  of  the  varia- 
ble action  of  floods  that  sweep  suddenly,  unguided  by  channels, 
down  the  piedmont  slope;  now  eroding,  now  depositing;  here 
sweeping  along  coarse  blocks,  there  depositing  fine  silts.  Ten 
miles  south  of  Askhabad,  where  the  railroad  station  is  819  feet 
altitude,  we  saw,  when  returning  by  the  Meshed  road  from  an 
excursion  in  the  Kopet  Dagh,  more  abundant  piedmont  deposits 
of  mountain-waste  dissected  to  depths  of  several  hundred  feet. 
A  great  thickness  of  these  deposits  has  been  penetrated  by  the 
artesian  boring  in  the  suburbs  of  Askhabad,  already  mentioned, 
2000  feet  deep,  and  therefore  with  more  than  half  its  depth 
below  sea  level,  but  without  securing  a  water  supply.  The 
whole  depth,  as  shown  in  the  record  quoted  by  Walther,  is  in 
variable  layers  of  clay,  sand,  and  gravel,  similar  to  the  deposits 
seen  in  the  barrow-pits  near  the  railroad  embankments,  or  in  the 
natural  sections ;  and  all  of  this  heavy  deposit  is  therefore  best 
explained  by  conditions  and  processes  like  those  of  to-day  during 
persistent  depression  of  the  surface.  The  failure  to  secure  a 
water  supply  from  this  deep  well  is  in  itself  very  suggestive  of 
the  irregular  underground  structures  and  of  their  torrential 
origin." 

An  excursion  into  the  Kopet  Dagh  and  the  mountains  of 
Persia  revealed  abundant  evidence  of  wub-recent  terracing  in  the 
valleys  of  a  character  to  suggest  a  relative  uplift  of  the  heart  of 
the  chain.  The  desert  plains  from  Askhabad  to  Samarkand  are 
characterized  by  aggrading  rivers.  "The  most  notable  feature 
of  this  district  was  the  absence  of  valleys.  The  rivers  have 
channels  in  which  their  waters  are  usually  restrained,  but  there 
were  no  valleys  in  which  the  river  floods  were  limited.  The 
plains  were  open  to  overflow  as  far  as  flood  supply  held  out.  We 
were  told,  however,  that  some  distance  upstream  (to  the  south) 
the  Murg-ab  has  a  flood-plain  slightly  depressed  beneath  the 
plain.  This  we  interpreted  as  meaning  that  the  river  had  there 
changed  its  habit  from  aggrading  to  degrading.  On  crossing 
the  Amu  at  Charjui  we  saw  a  low  bluff  on  the  north  or  right  of 
its  course,  although  on  the  south  the  plain  is  not  significantly 
above  the  river. 

"The  general  absence  of  valleys  is  a  natural,  indeed  an  essen 
tial,  feature  of  a  fluviatile  plain  in  process  of  aggradation  by 
flood  deposits.  It  is  peculiarly  appropriate  to  rivers  like  the 
Tejen  and  Murg-ab,  which  dwindle  away  and  end  on  the  plain, 
so  that  every  grain  of  sand  and  every  particle  of  silt  must  be 
laid  down  as  the  water  volume  lessens  and  disappears.  The 
absence  of  valleys  would,  on  the  other  hand,  be  surprising  in  a 
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lacustrine  or  a  marine  plain,  for  the  reason  that  coincidence  could 
hardly  be  expected  between  the  slope  that  might  be  given  to 
such  a  plain  when  it  is  laid  bare  and  the  slope  that  is  satisfactory 
to  the  graded  rivers  that  run  across  it.  It  is  not,  however,  as  has 
already  been  pointed  out,  always  the  case  that  fluviatile  plains 
have  no  valleys  eroded  beneath  their  general  level.  The  river- 
made  plains  of  northern  India  are  now  commonly  somewhat 
trenched  by  their  rivers.  Our  Great  Plains,  piedmont  to  the 
Rocky  Mountains,  are  likewise  in  process  of  dissection  by  their 
rivers.  The  plains  of  Turkestan  are  therefore  somewhat  excep- 
tional in  this  respect.  As  a  result  we  had  unfortunately  no 
opportunity  of  seeing  sections  of  the  plains  in  which  the  struc- 
ture of  the  deposits  could  be  examined.  A  well  on  the  Czar's 
estate  at  Bairam  Ali,  a  modern  village  near  Old  Merv,  where  we 
were  most  agreeably  entertained  by  the  superintendent.  Mr. 
Dubassof,  was  said  to  have,  shown  nothing  but  *  sand  and  loess.' 
The  desert  and  river  deposits  found  by  borings  beneath  the  Amu 
River  beds  at  Charjui  have  already  been  noted.  The  inspection 
of  these  vast  plains  of  silt  was  very  suggestive  in  connection 
with  the  problematic  origin  of  the  fresh- water  Tertiary  forma- 
tions of  the  western  United  States.  Certainly  no  one  who  sees 
the  river-made  area  of  the  plains  of  Turkestan  can  doubt  the 
capacity  of  rivers  to  lay  down  extensive  fine-textured  deposits." 

In  regard  to  the  Tian  Shan  mountains  Professor  Davis  states 
that  "  A  number  of  the  mountain  ranges  that  we  saw  were  of 
vigorous  form,  with  sharp  peaks  and  deep-carved  valleys,  in 
winch  it  was  impossible  to  recognize  any  trace  of  the  original 
unsculptured  mass  ;  but  certain  observations  made  in  the  central  • 
and  northern  ranges,  near  Lakes  Son  Kul  and  Issik  Kul,  and  on 
the  steppes  that  border  the  mountains  on  the  north,  led  to  the 
belief  that  the  region  had  been  very  generally  worn  down  to 
moderate  or  small  relief  since  the  time  of  greater  deformation, 
which  probably  occurred  in  the  Mesozoic  age ;  that  large  areas  of 
subdued  or  extinguished  mountain  structures  are  still  to  be  seen 
in  the  low  ranges  and  in  the  steppes  north  of  the  Hi  River  ;  and 
that  the  ])resent  relief  of  many  of  the  higher  Tian  Shan  ranges 
is  the  result  of  a  somewhat  disorderly  uplift  and  of  a  more  or 
less  complete  dissection  of  dislocated  parts  of  the  worn-down 
region.  Mr.  Huntington's  report  shows  the  application  of  these 
conclusions  to  a  large  part  of  the  central  and  southern  Tian 
Shan."  The  space  devoted  to  a  notice  of  so  wide  ranging  a 
report  forbids  further  detailed  mention  of  the  numerous  observa- 
tions of  the  author  upon  river  and  glacial  phenomena  of  the 
valleys  of  the  Tian  Shan. 

In  the  article  by  Mr.  Punipelly,  an  account  is  given  of  the 
Kara  Kul,  a  lake  of  bitter  salt  water,  and  its  desert  shores, 
and  also  a  good  description  of  the  moraines  in  the  mountains. 
Indications  of  two  long-separated  ice  advances  were  noted 
and  signs  of  a  feeble  third.  Variations  of  lake  level  and  ice 
advance  are  attributed  to  climatic  control.     Evidence  is  diBCUssed 
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to  support  the  supposition  that  in  early  Pleistocene  time  the  Alai 
mountains  wasted  down  until  a  detritus-covered  piedmont  plain 
formed  on  the  north  of  the  range,  whereupon  a  dislocation  seems 
to  have  occurred  nearly  parallel  to  the  range  and  north  of  it  with 
sinking  of  the  plains  still  farther  north  or  with  uplift  of  the 
range.  The  relations  of  the  river  work  to  this  change  of  altitude 
are  briefly  explained. 

In  his  article  on  central  Turkestan  Mr.  Huntington  gives  a 
summary  of  the  geology  and  topographic  development.  Of  the 
Paleozoic  series  he  states:  "In  Central  Turkestan  a  single  suc- 
cession of  strata  is  repeated  again  and  again,  with  only  slight 
local  modifications.  The  oldest  observed  formation  is  an  ancient 
white  marble,  shot  through  and  through  with  intrusions  of  gran- 
ite. It  was  noticed  only  in  the  Alai  Mountains  in  the  neighbor- 
hood of  Kok  Su  and  Karategin.  Its  junction  with  the  overlying 
formation  was  not  seen,  but  the  contact  presumably  shows  an 
unconformity,  as  a  conglomerate  near  the  base  of  the  covering 
strata  contains  pebbles  of  the  marble.  The  granite  which  is 
intruded  into  the  marble  is  of  much  later  date,  for  it  occurs 
abundantly  in  the  Paleozoic  series  in  the  ridges  of  the  Tian  Shan 
plateau  and  along  the  north  side  of  the  Alai  range.  The  main 
body  of  the  Paleozoic  series  is  a  great  thickness  of  limestones, 
many  of  them  slaty,  which  are  stated  by  Tchernachef  to  be  of 
Devonian  and  Carboniferous  age.  They  are  greatly  folded  and 
have  been  penetrated  not  only  by  granite  intrusions,  but  also  by 
some  basaltic  lavas,  as  may  be  seen,  for  instance,  in  the  Sugun 
Valley  west  of  Shor  Kul.  The  folding  of  the  Paleozoic  strata 
is  of  the  sort  which  is  associated  with  mountain  building,  hence 
at  the  end  of  the  Paleozoic  era  or  in  the  early  part  of  the  Meso- 
zoic  this  part  of  Central  Asia  must  have  been  highly  mountain- 
ous. In  evidence  of  this  it  may  be  pointed  out  that  the  succeed- 
ing unconformable  conglomerates  are  so  coarse  that  they  could 
only  have  been  formed  subaerially  in  a  region  of  considerable 
relief,  and  yet  at  the  time  of  their  deposition  the  old  folds  of 
limestone  and  slate  had  already  suffered  great  denudation.  As  a 
rule,  the  hard  Paleozoic  strata  are  found  in  the  highlands,  while 
the  softer  Mesozoic  and  Tertiary  strata  occur  in  basins  among 
the  highlands  and  mountains;  but  this  seems  due  less  to  the 
superior  resistance  of  the  older  rocks  than  to  the  fact  that  they 
were  bent  down  where  they  are  covered,  and  that  the  j'ounger 
strata  were  largely  formed  in  the  very  basins  which  they  now 

occupy." 

"  The  conditions  under  which  the  Mesozoic-Tertiary  series  were 
deposited  seem  to  have  been  largely  subaerial,  or  at  least  non- 
marine.  The  coarse  conglomerates  at  the  base  probably  indicate 
arid  or  semi-arid  conditions  in  a  region  of  considerable  relief. 
As  relief  grew  less,  or  as  the  climate  grew  moister,  the  gravel  of 
the  conglomerate  gave  place  to  sand,  and  that  in  turn  to  shale  ; 
in  the  latter  are  four  or  five  coal  seams.  The  next  period,  that 
of  the  vermilion  beds,  seems  to  have  opened  at  a  time  of  sub- 
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aerial  deposition  when  the  conglomerates  and  the  cross-bedded 
sandstones  were  formed ;  but  toward  the  end  the  encroachment 
of  the  sea  is  indicated  by  the  deposition  of  the  marls  and  fossil- 
iferous  limestones.  Elsewhere  throughout  the  whole  Mesozoic- 
Tertiary  series  fossils  seem  to  be  wholly  absent,  although  the 
deposits  are  well  fitted  to  preserve  the  remains  of  plants  and 
animals  if  any  had  existed  ;  but  here  the  calcareous  strata,  which 
show  other  evidences  of  being  marine,  contain  fossils  in  abun- 
dance. Above  the  limestones  the  strata  are  at  first  red,  as  though 
the  shallowing  of  the  sea  allowed  the  very  highly  weathered  soil 
of  an  old  land  mass  to  be  washed  farther  and  farther  oat  into 
the  area  of  deposition.  The  succeeding  formations,  the  pink  and 
brown  sandstone  and  the  brown  conglomerate,  show  a  nearer  and 
nearer  approach  to  present  conditions.  It  appears  as  though, 
after  the  retirement  of  the  sea,  the  land  was  covered  with  great 
playas,  on  which  water  first  stood  in  thin  sheets,  forming  ripple- 
marks  in  the  mud,  and  then  retired  or  was  evaporated,  allowing  the 
surface  to  become  sun-cracked.  As  time  went  on  streams  began 
to  flow  across  the  playas,  at  first  slow  and  broad  and  able  to  cut 
only  shallow  channels,  which  were  afterwards  filled  and  covered, 
assuming  the  form  of  very  thin  lenses  of  a  material  slightly  dif- 
ferent from  that  of  the  surrounding  playa  strata.  Then,  as  the 
strength  of  the  streams  increased,  sand  was  deposited  over  the 
whole  area,  and  the  channels,  now  deep  and  distinct,  were  filled 
with  gravel.  Lastly,  gravel  was  deposited  almost  everywhere." 
Central  Turkestan  exhibits  a  recently  warped  and  elevated 
peneplain  the  dissection  of  which  is  assumed  to  have  begun  in 
the  closing  Tertiary,  though  the  uplift  is  placed  mainly  in 
Pleistocene  time.  Summit  glaciers  were  found  among  the  moun- 
tains between  Marghilan  and  Issik  Kul.  From  his  observations 
upon  the  ancient  moraines  of  these  glaciers  the  author  concludes 
that;  "  Wherever  old  moraines  are  well  developed  they  indicate 
that  the  glacial  period  is  divisible  into  two  or  more  subdivisions ; 
and  where  the  valleys  are  large  and  reach  high  enough  still  to 
contain  glaciers  the  number  of  these  subdivisions  is  five,  marked 
by  successive  moraines,  each  of  which  is  smaller  and  at  a  greater 
altitude  than  its  predecessor.  Two  theories  present  themselves 
as  worthy  of  consideration  in  explanation  of  these  facts.  Accord- 
ing to  one  there  was  but  a  single  glacial  advance  and  retreat. 
The  retreat  was  not  accomplished  uniformly  or  rapidly,  but  by 
successive  steps,  after  each  of  which  there  was  a  long  pause  that 
gave  opportunity  for  the  accumulation  of  a  moraine;  thus  five 
moraines  were  formed  by  each  glacier  and  those  now  in  process 
of  deposition  belong  to  the  sixth  step  of  the  same  long  retreat. 
According  to  the  other  theory,  each  moraine  represents  a  distinct 
glacial  epoch,  during  which  the  glaciers  first  advanced  and  then 
retreated.  Under  this  theory  the  intervals  of  retreat  were  as 
warm  as  or  warmer  than  the  present  and  the  ice  retreated  far 
into  the  mountains  during  each  of  them. 
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"For  fifteen  out  of  the  twenty -four  glaciated  valleys  examined 
be  first  theory  is  sufficient,  but  it  will  not  explain  the  other 
ine.  In  eight  of  these  nine  valleys  one  or  more  of  the  older 
loraines  lies  upon  a  topography  different  from  that  of  to-day,  so 
8  to  suggest  that  the  moraines  and  the  floor  on  which  they  rest 
ave  been  trenched  by  a  valley  of  stream  erosion.  In  this  valley 
e  the  younger  moraines,  leaving  the  older  moraines  as  terraces 
rhich  extend  beyond  the  later  moraines  both  up-valley  and  down- 
alley  ;  the  up-valley  extension  of  the  morainic  terrace  gives  a 
linimum  measure  of  the  retreat  of  the  glacier  during  the  inter- 
;lacial  epoch.  In  the  ninth  valley  a  detached  portion  of  an  older 
loraine  lies  far  up-valley  from  its  successor  and  even  above  the 
aain  part  of  the  modern  moraine.  These  facts  are  to  be  ex- 
ilained  only  by  supposing  a  glacial  retreat  and  advance  in  each 
Dterglacial  epoch,  and  hence  a  warmer  interglacial  epoch  between 
older  glacial  epochs.  Another  sort  of  evidence  of  a  warmer 
Dterglacial  epoch  is  found  where  one  moraine  lies  upon  its  prede- 
«8Sor  in  an  attitude  which  indicates  that  before  the  deposition 
\i  the  younger  moraine  the  older  one  was  first  an  area  of  erosion 
kud  later  of  deposition.  All  these  facts  accord  with  the  theory 
»f  successive  advances  and  retreats,  and  thus  warrant  the  division 
»f  the  glacial  period  into  several  glacial  and  interglacial  epochs, 
n  one  place  or  another  signs  of  an  interglacial  retreat  are  found 
►etween  each  successive  pair  of  the  four  earlier  moraines,  while 
he  fifth  moraine  stands  apart  from  the  others,  except  at  Kan  Su, 
irhere  the  time  during  which  there  is  evidence  of  retreat  may  be 
ither  between  the  third  and  fourth  or  fourth  and  fifth  advances 
•f  the  ice.  Everywhere  the  climate  of  the  successive  glacial 
pochs  seems  to  have  grown  less  severe,  and  the  duration  of  the 
nterglacial  epochs  seems  to  have  diminished  in  the  same  ratio." 

A  succession  of  terraces  found  in  the  valleys  are  regarded  as 
he  result  of  a  climatic  change.  The  number  of  climatic  swings 
hus  inferred  agrees  essentially  with  the  series  of  cold  epochs 
►ased  upon  the  occurrence  and  distribution  of  moraines.  He 
tates :  "  The  essential  point  in  our  study  of  the  recent  geological 
listory  of  Turkestan  is  this  :  From  three  separate  lines  of  rea- 
oning,  based  on  the  allied  yet  distinct  phenomena  of  glaciation, 
erracing,  and  lake  expansion,  we  arrive  at  the  same  conclusion, 
lamely,  that  during  the  Quaternary  era  there  have  been  a  num- 
►er  of  colder  or  glacial  epochs,  five  or  more,  separated  by  warmer 
nterglacial  epochs  when  the  climate  was  similar  to  that  of  to-day; 
nd  further,  that  these  epochs  progressively  decreased  in  length 
md  intensity.'* 

In  the  final  article  on  the  basin  of  eastern  Persia  and  Sistan 
dr.  Huntington  discusses  briefly  the  geology  and  in  a  more  com- 
)lete  way  the  physiography  of  this  desert  basin.  In  a  summary 
>aragraph  he  states :  "  The  facts  set  forth  above,  so  far  as  they 
varrant  any  conclusion,  suggest  that  in  Eastern  Persia  the  lower 
itrata  of  the  basins  are  generally  greenish  shales,  which  are  now 
exposed  along  the  edges  of  the  basins  where  they   have  been 
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extensively  warped  and  compressed.  Above  them  occur  reddish 
silts  containing  more  or  less  sand  and  gypsum  and  warped  like 
the  underlying  shales,  although  to  a  less  extent.  In  certain 
places  toward  the  top  of  the  series  the  red  strata  alternate  with 
green  clays.  Above  all  lie  the  deposits  of  silt  and  gravel  which 
are  to-day  accumulating.  Although  these  different  strata  show 
varving  degrees  of  warping  along  the  edges  of  the  basins,  it  is 
noticeable  that  toward  the  centers  they  approach  the  horizontal 
position.  It  is  probable  that  in  the  centers  of  many  of  the 
basins  an  uninterrupted  series  of  strata  has  been  deposited  from 
the  time  of  the  post-Cretaceous  uplift  of  the  country  until  now. 
At  first  a  shallow  sea  or  large  lakes  probably  occupied  the  cen- 
tral portions  of  Iran  and  allowed  the  deposition  of  the  green 
shales.  Later,  as  the  great  basin  was  broken  into  smaller  basins, 
the  larger  bodies  of  water  gave  place  to  smaller  ones,  and  these, 
under  the  influence  of  a  dry  climate,  gave  place  to  playas  or 
shallow  salt  lakes  where  the  prevailing  deposits  were  reddish 
silts.  Still  the  process  of  deepening  the  basins  and  decreasing 
their  area  went  on,  with  the  result  that  the  green  shales  were 
more  highly  warped  and  the  red  deposits  were  also  uplifted  along 
the  borders  of  the  basin  and  were  exposed  to  erosion.  Mean- 
while the  superficial  deposits  which  now  cover  the  plains  were 
laid  down  and  the  country  assumed  its  present  form.  It  is  not 
to  be  supposed  that  every  basin  has  gone  through  exactly  the 
same  process,  or  that  a  single  process  has  everywhere  taken  place 
at  the  same  time.  Accidents  have  intervened.  At  Zorabiad  the 
damming  of  the  Heri  Rud  formed  a  lake  and  greatly  altered  the 
course  of  events.  At  Sistan,  and  probably  elsewhere,  a  series  of 
lakes  appears  to  have  occupied  the  basin  during  the  glacial 
period.  Nevertheless  the  general  course  of  events  was  a  gradual 
progress  from  larger  basins  to  smaller  basins,  and  from  sub- 
aqueous to  subaerial  deposition." 

The  report  is  well  illustrated  and  its  publication  in  this  country 
cannot  but  help  correct  the  too  great  reluctance  of  American 
geologists  to  depart,  in  their  interpretation  of  the  continental 
deposits  of  western  America,  from  the  traditional  invoking  of 
those  processes  which  in  the  infancy  of  geology  were  the  sole 
known  agencies  of  change  because  they  are  the  controlling  ones 
in  its  birthplace.  The  English  geologists  in  India  and  Persia 
long  ago  pointed  out  the  magnitude  and  characteristics  of  the 
reproductive  work  of  rivers,  and  of  the  changes  going  on  in  arid 
regions;  and  Mr.  Huntington  well  observes  that  the  likeness  of 
the  physical  history  in  Central  Asia  and  the  western  and  south- 
western portions  of  the  United  States  is  now  and  has  been  in  the 
course  of  geological  time  very  striking  both  in  product  and 
process.  J.  b.  w. 


Am.  Jour  Sci,,  Vol.  XX,  1905. 


Am.  Jour.  Sci„  Vot.  XX,  1905. 


Am.  Jour.  Sci.,  Vol.  XX.  1905. 


ll 


Fio.  8,  X  I.  Fig,  4,  x  }.         Fio.  5,  x  }.  Fro.  6,  x  I- 


4  ^  ^  O 

Fig.  7,  J.  Fio.  8,  f.  Fia.  B,  J.  Fia.  10,  x  \. 


,.  11, 1  Fro.  la,  X  f  Fio.  IB,  x  (. 


THE 


AMERICAN  JOURNAL  OF  SCIENCE 


[FOURTH   SERIES.] 


-♦♦♦■ 


Art.  XXVIII. — On  the  Ultimate  Di^inteyraiion  Prodiicts  of 
the  Radio-active  Elements;  by  Bertram  B.  Boltwood. 

In  a  paper  by  Rutherford  and  Soddy,*  tlie  authors  have 
called  attention  to  the  probability  that  an  intimate  knowledge 
of  the  composition  of  radio-active  minerals  will  lead  to  the 
recognition  and  identification  of  the  ultimate,  stable  products 
formed  by  the  disintegration  of  the  relatively  unstable  radio- 
active elements.f 

It  is  an  extremely  impressive  fact  that  it  was  from  the  some- 
what meager  information  available  on  the  occurrence  of  helium 
in  radio-active  minerals,  and  from  tlie  consideration  of  the  data 
derived  from  the  experiments  of  one  of  them  on  the  nature  of 
tlie  expelled  alpha  particle,  that  in  1902  the  same  authors  were 
enabled  to  make  that  brilliant  prediction  of  the  production  of 
helium:}:  which  was  afterwards  confirmed  by  the  experiments 
of  Ramsay  and  Soddy. 

The  natural  minerals  represent  chemical  systems  which  are 
in  most  instances  of  extreme  antiquity,  their  original  formation 
having  frequently  taken  place  during  the  earliest  geological 
periods  of  our  planet.  With  the  assistance  of  the  data  supplied 
by  geology  and  mineralogy,  it  is  often  possible  to  assign  the 
origin  of  a  given  mineral  to  some  definite  geological  period  and 
to  arrange  a  series  of  diflFerent  individuals  roughly  in  the  order 

♦Phil.  Mag.  (6),  V,  576  (1903). 

f  *'  In  the  naturally  occurring  minerals  containing  the  radio-elementa  these 
chanffes  mnst  have  been  proceeding  steadily  over  very  long  periods,  and,  un- 
less they  succeed  in  escapiug,  the  ultimate  products  should  have  accumulated 
in  sufficient  quantity  to  be  detected*  and  should  therefore  appear  in  nature 
as  the  invariable  companions  of  the  radio-elements." — Rutherford  and  Soddy ^ 
loc    cit 

t'Phii.  Mag.  (6),  iv,  583. 
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of  their  production,  obtaining  in  this  manner  an  approximate 
knowledge  of  their  relative  ages.  In  dealing  with  the  question 
of  radio-active  change,  where  the  element  of  time  is  such  an 
important  factor  in  the  solution  of  nearly  every  problem,  the 
advantages  to  be  derived  from  the  careful  study  of  the  radio- 
active minerals  can  therefore  scarcely  be  overestimated. 

From  a  knowledge  of  the  chemical  properties  and  the  crys- 
tallographic,  optical  and  other  physical  properties  of  a  given 
mineral  specimen,  together  with  an  understanding  of  its  occur- 
rence and  of  the  other  mineral  substances  with  which  it  is  found 
associated,  it  is  generally  possible  to  definitely  determine  whether 
the  mineral  was  formed  simultaneously  with  the  mass  of  mate- 
rial or  geological  formation  in  which  it  now  occurs,  or  whether 
it  is  of  more  recent  production,  having  originated  through  the 
action  of  percolating  waters  or  of  subterranean  vapors  or  gases 
on  some  original  constituent.  In  the  former  case,  when  all 
available  data  indicate  that  the  formation  of  the  mineml  was 
coincident  with  that  of  the  mass  of  rock  in  which  it  occurs,  the 
mineral  can  be  classed  as  primary;  in  the  latter  case,  when  it 
ha«  apparently  originated  through  the  alteration  of  primary 
compounds,  it  can  be  considered  as  secondary.  The  term 
secondary  can  also  be  applied  in  a  restricted  sense  to  such 
minerals  as  occur  in  veins,  where  the  general  character  of  the 
vein  indicates  that  it  has  originated  through  the  formation  of 
fissures  in  existing  strata  and  that  the  contents  of  the  vein  is 
of  an  age  inferior  to  that  of  the  mass  of  rock  by  which  it  is 
bounded. 

In  applying  these  considerations  to  the  greater  numl)er  of 
minerals  which  have  up  to  this  time  been  observed  to  contain 
radio-active  constituents,  it  may  be  considered  as  fortunate  that 
these  minerals  occur  under  conditions  which  would  seem  to 
render  the  task  of  assigning  the  individual  species  to  one  or  the 
other  of  the  above  classes  a  relatively  simple  one. 

The  most  prominent  radio-active  mineral,  uraninite,  more  com- 
monly know^n  as  pitchblende,  occurs  both  as  a  primary  consti- 
tuent of  granitic  rocks  and  also  as  a  constituent  of  metalliferous 
veins  cutting  geological  formations  of  a  relatively  recent  geologi- 
cal period.  When  occurring  in  a  granitic  rock  the  uraninite  is 
frequently  quite  perfectly  crystalline  in  form  and  the  rock  itself 
is  of  the  type  called  pegmatite;  the  most  noted  localities  fur- 
nishing specimens  of  this  primary  uraninite  being  southern 
Norway,  particularly  in  the  neighborhood  of  Moss,  North 
Carolina,  Llano  Co.,  Texas,  and  Connecticut.  Prominent  local- 
ities where  uraninite  occurs  as  a  constituent  of  metalliferous 
veins  are  Johanngeorgenstadt,  Marienberg  and  Schneeberg  in 
Saxony,  Joaehimstlial  and  Pribram  in  Bohemia,  Cornwall  in 
England,  and  Colorado  and  South  Dakota  in  the  United  States. 
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The  term  secondary  uraninite  will  be  used  in  referring  to  the 
material  from  these  latter  localities.* 

Among  the  radio-active  minerals  other  than  uraninite  which 
occur  as  primary  constituents  of  pegmatite  may  be  mentioned 
thorite,  samarskite,  fergusonite,  aescTiynite,  euxenite,  monazite 
and  the  recently  describedf  thorianite.  Associated  with,  and 
obviously  resulting  from  the  alteration  of,  the  primary  min- 
erals through  the  action  of  percolating  waters  and  other 
agencies,  are  secondary  minerals,  the  more  prominent  of  which 
are  gummite,  thorogummite,  uranophane  and  autunite. 

In  considering  the  available  data  on  the  composition  of 
radio-active  minerals,  with  a  view  to  discovering  the  ultimate 
disintegration  products  of  the  radio-elements,  it  is  therefore 
necessary  to  give  strict  attention  to  the  question  of  the  prim- 
ary or  secondary  origin  of  the  individual  specimens  and  the 
geological  period  at  which  they  were  formed.  The  nature  of 
the  associated  minerals  is  also  usually  of  considerable  signifi- 
cance, since  through  them  it  is  frequently  possible  to  discover 
some  clue  to  the  conditions  under  which  the  mineral  origi- 
nated and  some  indication  of  the  influences  to  which  they  have 
been  subjected  since  they  were  first  formed. 

Lead, 

In  reviewing  the  various  published  analyses  of  minerals 
containing  notable  proportions  of  uranium,  and  particularly  of 
those  which  are  evidently  of  primary  origin,  one  can  not  fail 
to  be  impressed  by  the  frequent  and  almost  invariable  occur- 
rence of  lead  as  one  of  the  other  constituents.  Out  of  a  con- 
siderable number  of  analyses  undertaken  with  the  particular 
object  of  discovering  whether  or  not  lead  was  present,  I  have 
been  unable  to  find  a  single  specimen  of  a  primary  mineral 
containing  over  two  per  cent  of  uranium  in  which  the  presence 
of  lead  could  not  be  demonstrated  by  the  ordinary  analytical 
methods.  The  same  is  moreover  true  of  the  secondary  ura- 
nium minerals  which  have  been  examined,  although  in  a  single 
case,  namely  in  a  small  specimen  of  umnophane  from  North 
Carolina,  the  proportion  of  lead  was  so  low  as  to  require  the 
working  up  of  a  gram  of  material  in  order  to  conclusively 
demonstrate  the  presence  of  lead  as  a  constituent. 

Through  a  dawning  appreciation  of  the  significance  of  the 
pereistent  appearance  of  this  element  in  uranium  minerals,  the 
writer  was  led  to  sug<i;est  in  an  earlier  paper:};  that  lead  might 
prove  to  be  one  of  tlie  final,  inactive  disintegration  products 
of  uraliium.  All  the  data  which  have  been  obtained  since 
that  time  point  to  the  same  conclusion. 

♦HiUebrand,  this  Journal,  xl,  384  (1890). 

+  Danstan  and  Blake,  Proc.  Roy.  Soc.  Lond.  (A),  Ixxvi,  253  (1905). 

X  Phil.  Mag.  (6),  ix,  613  (1905). 
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I  liave  been  particularly  impressed  bv  the  information 
kindly  supj)!ied  in  a  private  conininnication  by  Mr.  W.  F. 
Ilillebrand  of  the  U.  S.  Geological  Survey,  a  recognized 
authority  on  the  analysis  of  uranium  minerals,  that  so  far  as 
his  experience  goes  he  does  not  remember  to  have  found 
uranium  in  any  mineral  without  its  being  accompanied  by 
lead,  and  he  adds:  "the  association  luis  often  caused  me 
thought." 

Additional  weight  attaches  to  these  experimental  indications 
because  of  the  theoretical  considerations  leading  to  a  similar 
conclusion.  It  has  been  pointed  out  by  Rutherford,*  that  if 
the  alpha-ray  particle  consists  of  helium,  since  four  alpha-ray 
products  intervene  between  radium  and  the  final,  inactive  sub- 
stance radium-G,  the  indicat<?d  atomic  weight  of  radium-G  is 
sufficiently  near  to  that  of  lead  to  be  impressive.  Thus  one 
alpha  particle  is  expelled  by  each  of  the  atoms  Ra,  Ra-Em, 
Ra-A,  Ka-G  and  Ra-F,  making  five  particles  in  all.  The  loss 
of  five  alpha  particles  with  an  atomic  weight  of  4  from  the 
atom  of  radium  with  an  atomic  weight  of  2"J5  would  cause  a 
reduction  of  this  by  4x5=20  units,  with  the  formation  of  a 
chemical  element  having  an  atomic  weight  of  205  or  there- 
aboutii.  This  is  not  far  from  the  accepted  atomic  weight  of 
lead,  namelv  206*9. 

Thorium  (Rare  earths). 

Another  element  which  occurs  quite  commonly  with  uranium 
is  thorium,  and  the  common  association  of  these  two  elements 
has  been  noted  by  Strutt  and  interpreted  by  him  as  indicating 
that  thorium  is  possibly  the  parent  of  uranium.f  Aside  from 
the  very  doubtful  hypothesis  that  the  atomic  weight  of  thorium 
is  greater  than  that  of  uranium,  his  conclusions  would  seem 
open  to  serious  objections.  His  statement  that  all  thorium 
minerals  contain  readily  detectable  quantities  of  uranium,  while 
some  minerals  containing  notable  quantities  of  uranium  are 
comparatively  free  from  thorium,  is  manifestly  in  accord  with 
his  experimental  dat^,  but  it  would  appear  tliat  his  thorium 
minerals  containing  uranium  are  all  old  minerals,  while  his 
uranium  minerals  containing  no  thorium  are  of  relatively 
recent  origin.  If  his  theory  is  correct,  the  existence  of  very 
old  minerals  containing  high  percentages  of  uranium  and  no 
thorium  should  be  possible,  but  that  such  minerals  have  been 
found  is  not  indicated  by  anv  of  the  reliable  analvses  available. 
The  ex])erimental  data  oflFered  by  Strutt,  as  well  as  those  to  be 
derived  from  other  sources,  can  all  be  much  more  consistently 
interpreted  by  the  assumption  that  thorium  is  a  disintegration 
product  of  uranium  having  a  life  considerably  longer  than  that 

♦  Silliman  Lectures,  Yale  Uiiiversitv,  1905.     Not  yet  published. 
t  Proc.  Roy.  Soc.  Lond.  (A),  Ixxvi,  88  (1905). 
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of  its  parent  and  long  as  compared  with  the  oldest  of  the  known 
minerals.  This  hypothesis  is  supported  by  the  circumstance 
noted  by  Strutt,  that  in  general  the  minerals  containing  high 
proportions  of  thorium  also  contain  a  comparatively  high  pro- 
portion of  helium,  a  point  w^hich  will  be  referred  to  later  in 
the  course  of  this  paper.  Since  the  present  knowledge  of 
radio-active  phenomena  leads  to  the  assumption  that  the  aver- 
age life  of  uranium  is  of  the  order  of  2X10"  years,  while  the 
average  life  of  thorium  is  apparently  in  excess  of  that  number, 
it  seems  scarcely  reasonable  to  expect  that  minerals  wnll  be 
found  which  are  sufficiently  old  for  a  state  of  equilibrium  to 
have  been  reached  between  thorium  and  uranium.  The  pro- 
duction of  a  slowly  changing  disintegration  product  from  a 
more  rapidly  changing  parent  is  in  no  way  contradictory  to 
the  disintegration  theory,  since  a  number  of  examples  of  this 
are  at  present  recognized.^  The  common  association  of  the 
other  rare  earths  \v\i\\  thorium  may  indicate,  as  suggested  by 
Strutt,  that  these  are  possible  final  products  of  the  latter  ele- 
ment. 

Sismuth, 

The  occurrence  of  bismuth  as  a  constituent  of  the  more 
highly  radio-active  minerals  is  another  significant  indication 
of  a  possible  end  product.  The  proportion  of  bismuth  which 
is  present  in  the  older  radio-active  minerals  is,  however,  very 
small,  so  small  indeed  that  its  occurrence  is  but  seldom  detected 
in  the  ordinary  course  of  analysis.  It  is  only  in  treating 
considerable    quantities  of    material    for    the    extraction   of 

Jolonium  that  the  presence  of  bismuth  becomes  evident, 
'his  occurrence  of  bismuth  in  small  quantities  is  suggestive 
of  its  formation  from  the  disintegration,  either  of  a  parent 
having  a  relatively  long  life,  or  of  one  which  is  itself  produced 
ill  only  relatively  small  quantities.  The  former  requirement 
would  seem  to  be  fairly  well  filled  by  thorium,  in  which  case 
it  is  to  be  expected  that  in  two  minerals  of  equal  age,  the  one 
containing  the  greater  proportion  of  thorium  would  also  con- 
tain the  greater  relative  amount  of  bismuth.  An  opportunity 
has  not  yet  been  found  for  tlie  experimental  investigation  of 
this  question.  The  fact  that  tlie  atomic  weight  of  bismuth 
diflFers  from  the  atomic  w*eight  of  thorium  by  exactly  24  units, 
an  even  multiple  of  4,  is  possibly  significant. 

liarium. 

Another  element  which  persistently  appears  as  a  minor  consti- 
tuent of  uranium  minerals  is  barium.     Its  production,  if  it  is 

*  One  example  is  the  production  of  the  active  dejiosit  from  tlie  thorium 
emanation,  the  parent  with  a  half -value  period  of  less  than  one  minute,  the 
product  with  a  half-value  period  of  eleven  hours. 
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actually  a  disintegration  product,  is  certainly  slow,  for  only 
very  small  relative  amounts  of  it  are  found  in  some  compara- 
tively old  minerals.  In  primary  minerals  the  amount  of  lead 
present  is  always  greatly  in  excess  of  the  barium,  wliich  occurs 
only  in  traces  made  evident  in  the  separation  of  the  radium 
from  considerable  quantities  of  material.  As  in  the  case  of 
bismuth,  the  barium  might  be  produced  either  from  a  slowly 
disintegrating  parent  or  from  a  radio-active  body  existing  only 
in  comparatively  small  amounts  in  the  radio-active  system. 
Certain  data,  to  be  published  later  by  the  writer,  have  been 
obtained  which  seem  to  indicate  that  the  amount  of  actinium 
in  a  radio-active  mineral  is  dependent  on  the  amount  of  ura- 
nium present,  thus  suggesting  that  uranium  is  the  parent  of 
actinium  as  well  as  of  radium,  but  other  results  lead  to  the 
conclusion*  that  actiniimi  is  not  a  direct  result  in  the  same 
sense  as  is  radium.  The  quantity  of  actinium  produced  in  a 
radio-active  mineral  is  apparently  small  as  compared  to  the 
radium,  and  it  may  thereiore  be  possible  that  the  barium  pres- 
ent is  a  final  product  of  the  actinium. 


Hydrogen, 

A  point  which  has  caused  much  speculation  on  the  part  of 
mineralogists  is  the  apparent  hydration  of  the  greater  number, 
if  not  all,  of  those  minerals  which  are  now  known  to  contain 
radio-active  constituents.  That  this  state  of  affairs  is  in  some 
way  connected  with  the  disintegration  processes  taking  place 
in  these  compounds  would  not  appear  impossible,  since  the 
production  of  such  an  elementary  substance  as  hydrogen  as  one 
of  the  products  of  the  radio-active  decay  of  the  atoms  of 
elements  of  high  atomic  weight  is  in  fact  suggested  by  much 
of  the  data,  on  the  nature  of  the  expelled  alpha  particles.f  It 
would  seem  possible  that  the  difference  in  ionizing  power,  of 
the  power  of  penetration,  etc.,  sliown  by  the  alpha  particles 
from  certain  of  the  radio-active  types  of  material  may  perhaps 
be  (hie  to  a  difference  in  the  mass  of  the  projected  particle, 
and  that  the  occurrence  of  notable  quantities  of  water  in  the 
primary  radio-active  minerals,  which  is  otherwise  most  diflScult 
to  explain,  may  be  considered  as  indicating  that  hydrogen  is  in 
fact  one  of  the  disintegration  products,  originating  as  an  alpha- 
ray  particle  from  one  or  more  of  the  numerous  radio-active 
substances  which  have  already  been  identified.  The  origina- 
tion of  hydrogen  in  a  mineral  containing  oxidized  constituents 
would  in  all  probability  lead  to  the  reduction  of  the  more 
readily  reducible  of  these  with  the  consequent  production  of 
water. 

♦Rutherford  and  BoUwood,  this  Journal,  xx,  56  (1905). 
f  Rutherford,  "Radio-activity,"  p.  328  and  elsewhere. 
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In  the  greater  number  of  instances  where  water  is  found 
present  in  these  minerals,  it  is  quite  impossible  to  explain  how 
it  could  have  penetrated  into  them  from  without,  since  their 
close-grained  and  impervious  nature  is  impressively  indicated 
by  the  very  notable  quantity  of  helium  which  they  have 
retained.  Moreover  non-radio-active  minerals  which  occur 
associated  with  the  radio-active  species,  and  which  have  been 
subjected  to  the  same  external  influences,  are  often  quite 
anhydrous,  e.  g.,  apatite,  magnetite,  etc.  The  mineral  thorite 
has  been  called  to  the  attention  of  tlie  writer  by  Professor  S. 
L.  Penfield.  This  mineral  frequently  occurs  in  very  perfect 
crystals,  which  however  exhibit  only  the  optical  properties  of 
an  isotropic  and  amorphous  compound.  This  species  has  been 
long  regarded  as  having  undergone  alteration,  but  that  the 
causes  of  the  alteration  existed  within  and  not  without  the 
crystals  is,  I  believe,  a  new  and  somewhat  novel  explanation. 

It  is  a  significant  fact  that  results  obtained*  in  the  examina- 
tion of  certain  radio-active  minerals  indicate  that  hydrogen 
occurs  as  one  of  the  gaseous  constituents  of  many  of  these  com- 
pounds. A  further  mteresting  point  bearing  on  this  question 
is  mentioned  by  Hillebrand,t  who  observed  that  when  urani- 
nite  was  mixed  with  sodium  carbonate  and  fused  in  an  atmos- 
phere of  carbon  dioxide,  the  lead  present  was  apparently 
entirely  reduced  and  collected  in  globules.  Mixtures  of  cor- 
responding proportions  of  lead  oxide  (litharge)  and  U,  O^  or  IIO,, 
when  treated  in  an  identical  manner,  showed  no  reduction  of 
the  litharge  to  metallic  lead.  This  distinctive  difference  in 
beliavior  is  strongly  indicative  of  the  presence  of  hydrogen  as 
a  constituent  of  uraninite. 

Argo7i, 

Results  obtained  by  Ramsay  and  Travers:}:  may  further  indi- 
cate that  another  of  the  disintegration  products  of  radio-active 
substances  is  the  inert  gas  argon.  It  is  stated  by  these  authors 
that  most  minerals  which  evolve  helium  also  evolve  argon  in 
small  quantity.  It  may  not  be  impossible  that  some  of  the 
rayless  changes  which  have  been  observed  by  Rutherford  to 
take  place  in  radio-active  bodies,  may  be  accompanied  by  the 
expulsion  of  alpha  particles  consisting  of  argon,  which  owing 
to  their  relatively  high  mass  are  projected  at  too  low  velocities 
to  cause  ionization  of  the  surrounding  gases  and  to  permit 

*  Ramsay,  CoUie  and  Travers,  Jour.  Chem.  Soc,  Lond.,  Ixvii,  684  (1895), 
state  that  hydrogen  in  varying  quantities  was  evolved  by  yttrotantaUte, 
samarskite,  hielmite,  fergusonite,  tantalite,  monazite,  xenotime,  columbite, 
perofskite,  enxenite,  orthite,  gadolinite  and  cerite.  Also  Ramsay,  Proc.  Roy. 
Soc.  Lond.,  lix,  325  (1896). 

+  BnUetin  of  the  U.  S.  Geological  Survey,  No.  78,  p.  59  (1891). 

X  Proc.  Roy.  Soc.  Lond.,  lii,  816  (1898). 
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tlieir  detection  by  the  ordinary  electrical  methods.  It  has  been 
pointed  out  l)y  Rutherford*  that  the  kinetic  energy  of  certain 
alpha  particles  approaches  quite  closely  to  the  critical  value 
below  which  no  ionization  would  be  produced.  It  is  moreover 
quite  interesting  that  the  assumption  of  a  difference  of  atomic 
mass  of  40  units  l)etween  certain  successive  radio-active  trans- 
formation products  would  greatly  facilitate  their  assignment  to 
vacant  positions  in  the  periodic  system  of  the  elements. 

Comjyosilion  of  Uraninitt, 

The  suggestions  offered  in  the  foregoing  pages  as  to  the  i>os- 
sible  nature  of  some  of  the  disintegration  products  resulting 
from  the  process  of  radio-active  change  can  be  more  clearly 
understood,  and  the  basis  of  fact  from  which  they  have  been 
derived  can  be  more  correctly  appreciated,  by  a  consideration 
of  some  of  the  results  which  have  been  obtained  in  the  analysis 
of  radio-active  minerals. 

The  most  accurate  and  reliable  of  the  available  data  on  the 
composition  of  uraninite  have  been  published  by  Hillebrand.f 


Tabt.k  I. 

Locality 
Number. 

I 

Glastonbury,  < 
II             III 

"onn. 
IV 

Branchvillc,  Conn. 
V           VI             Vri           VIII 

Colo. 
IX 

N.  Carolina. 
i         X                XI 

UO, 

uo. 

22-08 
5913 

23  35 

58  01 

22-22 
59-31 

26-48 
57-48 

23-03  13-27 
59-93  72-25 

21-54 
64-72 

14-00 
70-99 

25-96 

58-51 

50-88 
39-81 

44-11 
46-56 

Total 

Uranium 

PbO 

ThOa 

70^ 
3-14 

1  - "  ~  - 

70 
3-24 

70 
307 

72 

3-26 

9-79 

72       74 

3-08   4-86 

....    7-20* 

75 

434 
6-98 

74 

4-85 
6-52« 

72 

0-70 
00 

77 

4-20 

2-78 

77 

4-58 

Total  rare 
eartht) 

9-57 

iO-24 

10-31 

10-87 

1110   7-20 

7-26 

6-52  ! 

7-81 

3-74 

3-04 

H,0 
Sp.  Q. 

0-97 
'  912 

9'65 



0-61 
9-58 

2-41    .... 
0-43   0-68 
9-62    9-73 

0-67 
9-56 

2-63 
0-68 
9-35 

015 
1-96 
8-07 

0-87 
1-21 
9-08 

9-49 

Various  important  detaila  snch  as  the  general  character  and  appearance  of  the  different 
samples  and  the  indication  of  alteration  from  extei-nal  causes  in  a  nnmber  of  Bpecimens 
be  found  in  Hillebrand's  papers. 

Blank  spaces  in  the  table  signify  that  the  indicated  constituent  was  not  determined. 

'  Hillebrand  assumed  that  the  inert  gas  present  was  nitrogen  and  the  percentages  of  thitj 
element  shown  in  tlie  table  are  calculated  on  the  basis  of  that  assumption.  Bj  dividing 
these  numbers  by  7  a  maximum  value  for  the  helium  separated  is  obtained. 

*ThOa  +  Zrda? 

The  results  of  his  analyses  are  given  in  a  condensed  form  in 
Table  I. 

♦Phil.  Mag.,  July  (1905). 

f  Bulletin  of  the  \^.  S.  (ieological  Survey,  No.  78.  p.  43, 1891  ;  this  Jonmal, 
xl,  384  (1890) ;  ibid.,  xlii,  390  (1891). 


ProducU  of  the  Radio-active  Elements, 


261 


Neglecting  for  the  present  the  results  under  ix  and  xxii, 
whieli  are  types  of  secondary  uraninites,  it  will  noticed  in  an 
examination  of  the  numbers  given  in  Table  I  that — 

1.  In  specimens  from  the  same  general  locality,  viz.:  from 
Connecticut,  from  Norway  and  from  North  Carolina,  a  rough 
proportionality  is  shown  between  the  content  of  uranium  and 
the  content  of  lead,  rare  earths,  helium  (nitrogen)  and  water. 
A  still  more  striking  relation  appears  to  exist  between  the  pro- 
portion of  uranium  in  the  form  of  the  lower  oxide,  UO3,  and 
the  amount  of  helium  (nitrogen).  This  was  remarked  by  Hille- 
brand,  who  makes  the  following  statement*  in  connection  with 
the  results  obtained  from  the  analysis  of  the  first  eighteen  samples : 

''  Throughout  the  whole  list  of  analyses  in  which  nitrogen 
has  been  estimated  the  most  striking  features  is  the  apparent 
relation  between  it  and  the  UO,.  This  is  especially  marked 
in  the  table  of  Norwegian  uraninites  recalculatedf,  from  which 
the  rule  might  almost  be  formulated  that,  given  either  nitrogen 
or  UO,  the  other  can  be  found  by  simple  calculation.  The 
same  ratio  is  not  found  in  the  Connecticut  varieties,  but  if  the 


Table  I. 


Norway. 

Texas. 

S.  Carolina. 

Canada. 

Saxony. 

II 

XIII 

XIV 

XV 

XVI 

XVII 

XVI 11 

XIX 

XX 

XXI. 

XXII. 

58 

25-36 

22-04 

32-00 

35-54 

4271 

26-81 

44-17 

4106 

59-80 

13 

50-74 

4303 

43-88 

43-38 

24-18 

44-18 

20-89 

-  .  -  . 

34-67 

22-33 

5 

66 

57 

65 

68 

56 

61 

55 

71 

65 

68 

34 

10-06 

8-58 

9-46 

9-44 

10-54 

10-95 

10-08 

3-58 

11-27 

6-39 

OO 

8-48 

.... 

8-98 

6-63 

.... 

4-15 

6-39 

1-65 

6-41 

0-0 

52 

903 

8-43 

10-48 

8-09 

13-42 

13-87 

1919 

10-25 

10-49 

0-0 

17 

1-28 

1-08 

103 

108 

1-24 

0-54 

0-86 

002 

74 

0-78 

0-74 

0-77 

0-79 

i-23 

«  *  w  • 

1-48 

1-47 

3-17 

39 

9-14 

8-32 

8-96 

8-93 

7-50 

— 

8-29 

- . .  - 

6-89 

yt  the  samples  from  Norway  XII  was  from  Annerod,  XIII  and  XIV  from  Elvestad,  XV 
1  Skaartorp,  XVI  from  HuggentLskilen,  and  XVII  and  XVIII  from  Arendal.  Sample 
I  was  from  Llano  Co.,  Texas,  XX  from  Marietta,  South  Carolina,  XXI  from  Villenenve, 
Mia,  and  XXII  from  Johanngeorgenstadt,  Saxony. 

determination  of  nitrogen  in  the  Branchville  mineral  is  to  be 
depended  on,  the  rule  still  holds  that  the  higher  the  UO,  the 
higher  likewise  is  the  nitrogen.  The  Colorado  and  North 
Carolina  minerals  are  exceptions,  but  it  should  be  borne  in 
mind  that  the  former  is  amorphous  like  the  Bohemian  and 
possesses  the  further  similarity  of  containing  no  thoria,  although 
zirconia  may  take  its  place,  and  the  North  Carolina  material  is 

*  This  Journal,  xl,  391  (1890).  \  Excluding  the  insoluble  matter. 
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so  mucli  altered  that  its  original  condition  is  unknown." 
This  generalization  can  apparently  be  extended  to  include  lead 
also. 

2.  When  the  analyses  of  samples  from  the  same  actual 
locality  are  compared  it  will  be  evident  that,  in  general, 

a)  The  content  of  rare  earths  increases  with  the  amount  of 
lead  present.  This  is  most  strikingly  shown  in  the  groups 
i-v,  vi-viii,  xiii-xiv  and  xvii-xviii.  The  simultaneous 
variation  of  thorium  is  also  indicated  somewhat  imperfectly 
in  those  instances  where  this  constituent  was  separately  deter- 
mined. 

h)  That  in  those  specimens  having  the  highest  specific  grav- 
ity (v  and  viii)  the  proportion  of  helium  compared  with  the 
lead  present  is  greatest.  It  is  in  general  to  be  expected  that 
the  denser  and  therefore  less  porous  material  would  retain  a 
greater  proportion  of  the  helium  formed  within  it.  The  low 
proportion  of  eas  compared  with  lead  in  x  and  xix  might 
well  be  due  to  the  high  emanating  power  of  the  former*  and 
the  greater  porosity  of  the  latter  mdicated  by  its  low  density. 
It  is  moreover  interesting  to  note  that  those  specimens  (x, 
XIX.  xxi)  containing  disproportionately  large  amounts  of 
water  contain  a  relatively  low  amount  of  helium  compared 
with  the  lead  present.  It  is  possible  that  these  minerals  were 
sufficiently  porous  to  permit  the  entrance  of  water  from  with- 
out while  at  the  same  time  a  part  of  the  helium  formed  has 
escaped  from  within  them. 

It  is  evident  that,  in  Table  I,  a  lack  of  agreement  exists 
between  the  ])roportion  of  lead  and  rare  earths  and  the  pro- 
portion of  helium  in  the  Connecticut  material  and  the  propor- 
tions of  the  corresponding  constituents  in  the  Norwegian  sam- 
ples. In  the  latter  the  amounts  of  lead  and  rare  earths  as 
compared  with  the  gas  present  are  much  greater  than  in  the 
former.  This  can  be  explained  by  assuming  that  the  Nor- 
wegian minerals  are  considerably  older  than  the  American  varie- 
ties, and  that  the  Norwegian  specimens  examined  by  Ilillebrand 
have  in  some  manner  lost  a  large  part  of  their  helium. 
The  geological  <lata  available  on  the  relative  ages  of  the 
American  and  Norwegian  occurrences,  while  not  entirely  in 
accord  with  the  assumption  of  such  a  great  diflFerence  in  age, 
would  not  appear  to  be  sufficiently  definite  to  preclude  such  a 
possibility. 

In  considering  the  bearing  of  the  results  of  the  analyses 
of  the  two  secondary  uraninites,  ix  and  xxii,  on  the. general 
theories  proposed  in  this  paper,  it  is  evident  that  the  presence 

*PliU.  Mag.  (6),  ix,  609. 
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of  tlie  low  proportion  of  lead  and  helium,  and  the  practical 
absence  of  thorium  in  ix,  is  quite  in  accord  with  the  geological 
indications  that  this  material  is  of  an  age  greatly  infei'ior 
to  that  of  the  primary  uraninites.  In  xxii  the  very  notable 
amount  of  lead  shown  by  the  analysis  would  seem  to  offer  no 
serious  ol>stacle  to  the  theory,  since  this  material  occure  inti- 
mately associated  with  the  sulphide  of  lead  and  other  similar 
minerals,  and  the  massive  and  amorphous  form  in  which  it  is 
found  would  indicate  that  the  conditions  under  which  it  was 
originally  deposited  were  not  favorable  to  the  separation  of  a 
pure  uranium  compound.  The  statement  of  Hillebrand*  that 
nitrogen  (helium)  and  the  rare  earths  were  practically  absent 
in  specimens  of  secondary  uraninite  from  Pribram,  Joachims- 
thal  and  Johanngeorgenstadt,  which  he  examined,  is  also  of 
interest  in  this  connection.  The  experience  of  Debiernef  in 
separating  actinium  from  a  secondary  uraninite  of  this  charac- 
ter, is,  however,  indicative  of  the  existence  of  small  amounts 
of  thorium  in  these  minerals. 

Other  Radio-active  Minerals, 

In  the  table  which  follows  (Table  II)  will  be  found  some 
data  compiled  from  various  sources  on  the  composition  of  a 
number  of  primary  and  secondary  radio-active  minerals. 

As  bearing  on  the  topic  under  discussion  it  is  interesting  to 
note  the  following  : — 

1.  The  greatest  proportion  of  helium  with  resi>ect  to  the 
uranium  and  lead  present  has  been  observed  in  those  primary 
minerals  which  have  the  lowest  emanating  power  and  the 
highest  specific  gravity,  i.  e.,  in  the  most  compact  and  least 
porous  minerals.  Examples  are  furnished  by  thorianite,  fergu- 
sonite,  samarskite  and  monazite.  (Of  the  varieties  of  thorite, 
much  greater  proportions  of  helium  have  been  observed  in  the 
variety  known  as  orangite,  which  has  also  the  greatest  density.) 

2.  Greater  proportions  of  lead  and  helium  with  respect  to 
uranium  are  found  in  those  primary  minerals  wOiich  occur  in 
the  oldest  geological  formations.  This  point  is  well  illustrated 
by  thorianite,  which  is  found  in  Ceylon  in  a  geological  forma- 
tion which  is  probably  of  the  Archean  period. 

3.  The  primary  minerals  containing  the  greatest  proportion 
of  thorium  are  in  general  the  most  hyd rated. 

In  considering  the  secondary  radio-active  minerals  certain 
probable  conditions  must  be  recognized.  Where  these  minerals 
are  formed  by  the  alteration  of  primary  minerals  in  pluce^ 
namely,  where  the  primary  mineral  is  acted  on  by  underground 

♦  BuUetin  U.  S.  Survey,  No.  78,  p.  72. 
X  Compt.  rend.,  cxxx,  908  (1900). 
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Table  II. 

Primary  Minerals. 

Species.                 Locality.               ThOa  UOa  PbO  H,0  He  Reference 

Thorite,  Hittori),  Norwav 4866       9  00'  1-20.  10-88  X'^  Dana,p.^ 

Mackintoshite,  Llano  Co./rex.  45-30  22-40  3-74  4-31  X»'  A^ 

Yttrialite,  Llano  Co.,  Tex 10-85       1-64  0-80  0-32  X«  A, 

Thorianite,  Ceylon 78-86       '  2-59  X^  0-39^  A, 

Samarskite '  10-13^     3-1^   X« 

"           (?)  Colorado 3-64       4-02  0-72  1-58  ?  Dana,p.'; 

Annerodite,  Annerod,  Nor.  _ . .     237  16*28  2-40  8-19  ?  Dana,  p.  ^ 

Enxenite '  5-12^  0*92  4  71  ?  Dana,p.: 

Hielmite,  Falun,  Sweden ?          2-34'  0-21  2-23  X^  Dana, p.: 

Polycrase,  Slattakra,  Nor 3-51  18-45  092  4-71  X*'  Dana,p. ' 

Fergusonite,  Llano  Co.,  Tex...     0-83       7-05"  1-43  2*02  ?  Dana,  p.' 

"                                        ..        ?          3-81*  0-16  ?  0-03  A, 

Xenotime,  Naresto,  Sweden...     2-43       3-48*  068  .1-77  X^  Dana,  p.' 

Monazite,  North  Carolina 5*00       0-40"  tr.  0*20  X® 

Secondary  Minerals. 
UO, 

Guramite,  North  Carolina '    75-20       5-57  10-54  ?  Dana,pJ 

Thorogummite,  Llano  Co.,  Tex.  41-44     2243        216  7-88  ?  A, 

Carnotite,  Colorado 0-0       52-25        0-25  3*06  0"  A, 

Uranophane,  North  Carolina "    66-67       0*60  12-02  ?  Dana,p.( 

»  U.O,.  '^  U0,6  03  4-UO,9-07. 

^  Hofmann  and  Strauss  (Berichte,  xxxiii,  3126)  state  that  they  fonnd  both 
thorium  and  lead  in  samarskite  and  in  enxenite. 

^  UOa.  *  UO,  and  UOa. 

*  The  composition  of  monazite  given  above  is  derived  from  experiments 
of  the  writer. 

'  Specimens  of  gummite  from  North  Carolina  analyzed  by  the  writer  have 
been  found  to  contain  from  2  to  8  per  cent,  of  thoria. 

^  It  is  stated  by  Adams  (this  Journal,  xix,  321  (1905)  that  helium  is  absent 
from  this  mineral,  which  is  to  be  expected  since  it  is  highly  porous  and  of 
recent  formation. 

^  Samples  of  this  material  have  been  examined  by  the  writer  in  which  no 
thorium  could  be  detected. 

X*  Helium  has  been  found  in  the  variety  of  thorite  known  as  orangite. 

X**  Hillebrand\s  experiments  suggest  the  presence  of  helium  in  this  mineral. 

X^  Including  this  species  among  the  primary  minerals  is  possibly  open  to 
objection.  Hillebraiid^s  experiments  would  seem  to  indicate  that  it  contains 
from  1'^'=  to  2"  of  helium  per  gram. 

X*^  The  analyses  of  Dunstan  and  Blake  (see  Ref.)  do  not  indicate  the 
presence  of  water,  but  several  tests  made  by  the  writer,  on  samples  kindly 
supplied  by  Mr.  Geo.  F.  Kunz,  suggest  the  presence  of  water  in  quite  notable 
quantities. 

X*  The  occurrence  of  helium  in  samarskite,  hielmite,  polycrase,  xenotime, 
monazite,  orangite,  and  other  radio-active  minerals  is  described  in  papers 
by  Ramsay,  Collie  and  Travers  (Jour.  Chem.  Soc.  Lond.,  Ixvii,  684)  and 
Ramsay  and  Travers  (Proc.  Roy.  Soc.  Lond.,  Ix,  442). 

Ai  W.  F.  Hillebrand,  this  Journal,  xlvi,  101  (1898). 

Aj  Hillebrand,  this  Journal,  xiii,  195  (1902). 

As  Dunstan  and  Blake,  Proc.  Roy.  Soc.  Lond.  (A),  Ixxvi,  258  (1905). 

A4  Ramsay  and  Travers,  Proc.  Roy.  Soc.  Lond.,  lii,  316  (1898). 

Ao  Hillebrand  and  Mackintosh,  this  Journal,  xxxviii.  480  (1889). 

A*t  Hillebrand  and  Ransome,  this  Journal,  x,  120  (1900). 
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waters,  etc.,  with  the  removal  of  certain  constituents  and  the 
substitution  of  others  originally  dissolved  in  the  waters,  the 
resulting  hydrated  residue  will  in  some  cases  consist  of  a  mix- 
ture of  several  different  chemical  compounds  and  its  general 
composition  will  not  correspond  to  any  definite  formula,  but 
will  depeud  on  chance  and  the  accidental  local  conditions.  An 
excellent  example  of  a  secondary  product  of  this  character  is 
afforded  by  the  mineral  known  as  gummite,  which  occurs  as 
an  alteration  product  of  the  North  Carolina  uraninites.  Sam- 
ples of  tliis  mineral  from  the  Flat  Rock  mine  have  been  exam- 
ined by  the  writer,  in  which  great  variations  in  the  proportions 
of  lead,  thorium  and  uranium  present  were  observed  in  samples 
removed  from  different  parts  of  the  same  comparatively  small 
specimen.  The  mineral  known  as  uranophane  from  the  same 
locality  shows  corresponding  variations  in  composition.  Both 
these  substances  are  amorphous  in  structure  but  v^ery  frequently 
occur  with  a  crystalline  form  as  pseudomoi'phs  after  the  origi- 
nal uraninite.  It  is  obvious  that  these  facts  must  be  considered 
in  attempting  to  arrive  at  any  conclusions  from  a  chemical 
examination  of  these  materials. 

In  other  cases  the  percolating  waters  undoubtedly  dissolve 
the  more  readily  soluble  components  of  the  primary  minerals 
and  deposit  them  again  as  definite,  crystalline  compounds  of  a 
relatively  high  degree  of  purity.  Examples  of  this  sort  are 
afforded  by  such  minerals  as  torbernite  [Cu(UO,),P,0/ 8H,0], 
autunite  [Ca(U0,\P,0.-8H,0,],  "ranocircite  [Ba(UO,),P,0.  • 
8H3  O],  zeunerite  [Cu  (UO,) ,  As,  0^  •  8II3  O],  uranosphaerite 
[(BiO),lI,0,  •  SHgO],  and  a  considerable  number  of  others. 
The  examination  of  minerals  of  this  character  will  probably 
afford  data  of  considerable  value  on  the  nature  of  the  ultimate 
disintegration  products  of  uranium. 

The  mineral  mackintoshite  is  quite  possibly  of  secondary 
origin,  but  owing  to  some  doubt  in  the  matter  it  has  been 
placed  among  the  primary  minerals.  It  may  represent  a 
variety  of  thorite,  containing  originally  a  considerable  propor- 
tion of  uranium,  which  has  imdergone  alteration  owing  to  the 
radio-active  processes  which  have  taken  place  within  it.  The 
evidence  is  strongly  in  favor  of  the  view  that  the  thorogum- 
mite  has  been  formed  from  the  alteration  of  the  mackintoshite 
through  exteraal  causes. 

Any  definite  conclusions  at  present  as  to  the  formation  of 
carnotite  are  quite  impossible.  Its  composition  and  occurrence 
are  both  so  unique  that  little  or  no  analogy  with  other  known 
uranium  compounds  can  be  detected.  It  seems  higlily  probable, 
however,  that  its  age  is  not  relatively  very  great  and  its  general 
composition,  e,  g,  the  low  amount  of  lead  present  and  the 
practical  absence  'of  thorium  and  helium,  is  quite  in  accord 
with  such  a  conclusion. 
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An  interesting  radio-active  mineral  has  been  described  by 
Danne.*  This  substance  is  stated  to  be  a  phosphate  of  lead, 
or  pyromorphite,  containing  quantities  of  radium  equivalent  to 
about  6  per  cent  of  uranmm.  It  is  asserted,  however,  that 
no  uranium  is  present  in  the  mineral,  although  considerable 
deposits  of  uranium  minerals  are  known  to  exist  at  no  very 
great  distance  in  the  same  region  where  it  occurs.  According 
to  Danne,  the  pyromorphite  is  found  in  fissures  through  which 
underground  waters  containing  radium  salts  are  constantly  per- 
colating, and  he  suggests  that  the  radium  contained  in  the  min- 
eral is  derived  from  the  water.  It  might  also  be  conjectured 
that  the  lead  of  the  mineral  has  resulted  from  the  disintegra- 
tion of  radium,  the  radium  itself  having  been  formed  from  the 
disintegration  of  uranium  in  the  neighboring  deposits. 

Occurrence  of  Minerals, 

It  would  seem  possible  that  some  general  data  on  the  disin- 
tegration products  of  radio-active  substances  might  be  derived 
from  the  study  of  the  conditions  under  which  the  radio-active 
minerals  occur  in  nature.  The  following  suggestions  may 
perhaps  be  of  interest  in  this  connection.  The  primary  min- 
erals found  in  the  pegmatitic  dikes  include  uraninite,  thorite, 
fergusonite,  aeschenite,  euxenite,  columbite  and  monazite,  all 
of  which,  with  the  exception  of  'columbitejf  probably  contain 
thorium  in  greater  or  smaller  proportions.  The  theory  gener- 
ally accepted  by  geologists  is  that  the  pegmatites  were  formed 
under  conditions  of  so-called  hydro-igneous  fusion,  involving 
high  temperatures  and  the  presence  of  considerable  water 
vapor  which  was  prevented  from  escaping  by  the  high  pressure 
due  to  incumbent  masses  of  rock  of  great  thickness.  Assum- 
ing the  prior  existence  of  considerable  deposits  of  uranium 
compounds  at  great  depths,  it  would  appear  probable  that  in 
an  upheaval  of  deep-lying  material,  with  the  intrusion  of  the 
plastic  magma  into  tlie  upper  layers  from  below,  the  conditions 
would  be  favoral)Ie  to  the  separation  of  the  various  constituents 
of  the  already  partially  disintegrated  uranium  with  the  pro- 
duction of  new  minerals  representing  new  combinations  of  the 
various  elements  present.  Thus  some  of  the  uranium  might 
separate  out  as  the  oxide  (uraninite),  either  quite  free  from 
other  elements  or  with  admixtures  of  other  isomorphous  oxides 
(thorium  oxides  and  other  rare  earth  oxides),  while  the  thorium 
might  be  greatly  concentrated  in  the  form  of  such  minerals  as 
thorite  and  thorianite,  containing  mixtures  of  variable  propor- 

♦  Compt.  rend.,  cxl,  241  (1905). 

f  The  very  common  association  of  radio-active  elements  with  niobium, 
tantalum,  etc.,  in  minerals  is  possibly  significant  of  some  ultimate  relation 
between  them. 
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tions  of  uranium  and  the  rare  earths.  Others  of  the  rare 
earths  present  might  be  themselves  concentrated  to  form  such 
minerals  as  allanite  and  gadolinite,  compounds  containing  but 
relatively  small  proportions  of  the  radio-elements. 

When  uraninite  is  found  in  metalliferous  veins  the  general 
indications  point  to  its  transportation  hither  frorA  greater 
depths  by  thermal  waters  and  its  deposition  at  a  temperature 
considerably  lower  than  that  existing  in  the  plastic  pegmatite. 
The  association  of  the  secondary  uraninites  with  the  sulphides 
of  iron,  copper,  lead,  bismuth  and  other  metals  is  indicative  of 
conditions  of  deposit  unfavorable  to  the  simultaneous  produc- 
tion of  rare  earth  minerals,  which  have  never  been  observed  to 
occur  under  similar  conditions  in  any  locality. 

The  mode  of  occurrence  of  radio-active  minerals  would 
therefore  appear  to  offer  certain  valuable  data  on  the  processes 
taking  place  in  the  radio-elements  and  the  products  formed  by 
their  disintegration. 

Origin  of  Elements. 

If  it  can  be  ultimately  demonstrated  that  lead,  bismuth, 
barium,  hydrogen  and  argon,  or  any  one  of  them,  actually 
result  from  the  disintegration  of  uranium,  an  interesting  ques- 
tion which  naturally  arises  will  be :  Have  the  quantities  of 
these  chemical  elements  already  existing  been  produced  wholly 
in  the  same  manner?  Any  discussion  of  this  problem  at  the 
present  time  would  certainly  be  premature,  but  the  time  may 
not  be  very  far  remote  when  this  question  will  deserve  serious 
consideration. 

Summary, 

Various  data  have  been  presented  which  are  interpreted  as 
indicating  that  the  ultimate  disintegration  products  of  the 
radio-elements  may  include  lead,  bismuth,  barium,  the  rare 
earths,  hydrogen  and  argon. 

The  writer  is  fully  conscious  of  the  meagerness  of  the  data 
upon  which  the  hypothesis  of  the  production  of  these  substances 
is  founded,  but  the  suggestions  are  made  in  the  hope  that  the 
attention  of  other  investigators  may  be  directed  to  the  possi- 
bilities offered  by  a  careful  study  of  the  composition  and 
occurrence  of  the  radio-active  minerals,  and  tliat  their  interest 
may  be  suflSciently  awakened  to  induce  them  to  independently 
undertake  the  experimental  investigation  of  the  theories  which 
have  been  suggested. 

139  Orange  St.,  New  Haven,  Conn. 
Angnst  16,  1905. 
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Art.  XXIX. — The  Use  of  the  Jiotati?iff  Cathode  for  the  Esti- 
mation  of  Cadmium  taken  as  the  Sulphate;  by  Charles 
P.  Flora. 

[Contribntions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — cxzxix.] 

In  a  recent  paper  from  this  laboratory*  has  been  described 
the  application  of  the  rotating  cathode  to  the  rapid  estimation 
of  copper,  silver  and  nickel ;  and,  in  a  later  paper,t  its  fitness 
for  the  estimation  of  cadmium  as  well  as  several  other  metals 
has  been  shown.  The  object  of  the  present  investigation  has 
been  to  more  thoroughly  study  the  conditions  unoer  which 
cadmium  may  be  estimated  by  this  means.  The  apparatus 
used  was  that  described  in  the  previous  papers.  Since  it  had 
already  been  shown:]:  that  cadmium  taken  in  the  form  of  the 
sulphate  can  be  estimated  by  deposition  of  a  solution  slightly 
acidulated  with  sulphuric  acid,  this  formed  the  natural  point 
of  departure. 

I.     In  Solutions  containing  Sulphuric  Acid, 

A  solution  of  cadmium  sulphate  was  prepared,  containing 
approximately  16*6  grams  of  the  salt  to  the  liter  of  water. 
Portions  of  this  solution  were  carefully  measured  from  a 
burette,  diluted  to  the  desired  volume,  a  few  drops  of  dilute 
sulphuric  acid  (1 :4)  added,  the  proper  connections  made  and 
the  electrolysis  conducted  as  previously  described.  The  fol- 
lowing were  the  results  obtained  upon  two  diflFerent  solutions : 


< 
1 

Solution  A. 

No. 

of 

Exp. 

Sol. 

taken. 

cm*. 

HaSO*. 

(1:4) 
dropSj 

Time, 
min. 

Cnr't 
read.= 
amp. 

N.D.,00 
amp. 

Hi.  Al.f . 

approx. 

volts. 

Cd. 

fonnd 

grm. 

1. 

15 

o 

18 

0-4- 1 -0 

1  •2-3-0 

8 

0-1111 

2. 

15 

5 

10 

0-4-0-5 

1-2-1 -5 

8 

0-1090 

3. 

15 

5 

16 

0-4-0-9 

1  •2-2-7 

8 

0-1115 

4. 

15 

7 

35 

O'5-l-O 

1-5-3-0 

8 

0-1117 

5. 

15 

12 

25 

1-0-1 -5 

3-0-4-5 

8 

0-1115 

6. 

15 

10 

35 

1-0-1 -5 

3-0-4-5 

8 

0-1120 

T. 

15 

18 

30 

1  •5-2-0 

4-5-6-0 

8 

0-1119 

8. 

15 

15 

25 

1-5-2 -0 

4-5-6-0 

8 

0-1117 

9. 

80 

Indef. 

15 

3  •0-4-0 

9-0-12-0 

8 

0-2235 

lu. 

20 

12 

35 

2  0-3-0 

60-9-0 

8 

0-1491 

11. 

15 

Indef. 

60 

2-0 

6-0 

8 

0-1120 

In  experiments  numbered  1  to  4,  the  liquid  at  the  end  of 
the  period  indicated  showed  traces  of  cadmium  remaining,  but 
in  the  seven  experiments  following  these  the  cadmium  was  all 
deposited  upon  the  cathode  in  a  satisfactory  condition.     These 

*  Gooch  and  Medway,  this  Journal  [4],  320  (1908). 

t  Medway,      is  Journal  [4],  xviii,  56  (1904).  X  Lo^^-  ©it. 
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results  were  therefore  taken  as  indicating  tlie  standard  of  tlie 
solution  used,  the  mean  of  the  series  showing  the  presence  of 
0*007454  grin,  of  cadmium  in  each  cubic  centimeter  of  the 
solution. 

In  a  second  solution  which  it  became  necessary  to  standard- 
ize the  following  results  were  obtained  : 


Solution  B. 

No. 

Sol. 

Cur't 

Cd. 

of 

taken. 

Time. 

read.  = 

N.D.oo 

E.M.F. 

found. 

Exp. 

cm. 

min. 

amp. 

amp. 

vts. 

grm. 

1. 

20 

27 

10-1-5 

3-0-  4-5 

7-9 

00816 

2. 

25 

30 

2-0-3-0 

60-  0-0 

7-9 

0-1018 

3. 

25 

55 

2  •5-4-0 

7-5-12-0 

7-G 

0-1019 

4. 

30 

25 

2  0-2-5 

6-0-  7-5 

12-0 

0-1224 

5. 

30 

20 

10 

3-0 

7-8 

0-1223 

6. 

30 

10 

1-5-2-5 

4-5-  7-5 

7-8 

0-1226 

The  mean  of  these  six  experiments  gives  a  value  of  0*10194 
grm.  of  cadmium  for  every  25''°''  of  the  solution,  or  0*0040776 
grm.  for  each  cubic  centimeter.  This  value  was  taken  as  the 
standard  whenever  this  solution  was  used. 

One  point  which  was  not  mentioned  in  the  former  paper*  on 
the  estimation  of  cadmium  by  this  method,  but  which  is  of 
much  importance,  is  that  of  dilution.  The  earlier  experiments 
in  this  work  were  performed  at  a  dilution  of  froiii  65^"''  to  75^°*'. 
Much  trouble  was  experienced,  however,  at  this  dilution ;  for 
the  last  traces  of  the  metal  were  driven  from  the  solution  only 
with  extreme  difficulty  and  with  much  loss  of  time,  as  may  be 
noted  by  comparing  the  time  interval  of  most  of  the  experi- 
ments with  the  shorter  interval  of  the  last  two  experiments  of 
the  second  series,  where  the  dilution  was  45  to  SO""".  More- 
over it  was  found  advisable,  in  order  to  avoid  mechanical 
loss,  to  deposit  not  more  than  0*2  grm.  to  0*25  grm.  of  the 
metal  upon  the  cathode,  while  even  smaller  quantities  are  to 
be  preferred.  The  current  density  must  also  be  kept  within 
the  limits  indicated ;  for  otherwise  a  spongy  deposit  may  result. 
Cadmium  seems  to  be  especially  liable  to  the  formation  of 
these  spongy,  unweighable  deposits,  and  the  greatest  difficulties 
experienced  in  this  investigation  have  come  from  this  behavior 
of  the  metal. 

The  best  condition,  therefore,  may  be  briefly  summarized  as 
follows:  Cadmium  sulphate,  equivalent  to  not  more  than 
0-2^'"  to  0-25  grm.  of  the  metal,  is  dissolved  in  45^'"'  to  50'""  of 
water;  ten  to  fifteen  drops  of  dilute  sulphuric  acid  are  added ; 
and  the  proper  connections  made  and  the  solution  subjected  to 
electrolysis  as  described,  fifteen  minutes  being  sufficient  time 
for  the  complete  deposition  of  the  metal  upon  the  cathode.     It 

*  Loc.  cit. 

Am.  Joub.  Sci. — Fourth  Series,  Vol.  XX,  No.  118.— October,  1906. 
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is  not  necessary  to  heat  the  liquid,  as  the  passage  of  such  large 
currents  soon  heats  it  sufficiently.  When  electrolysis  is  com- 
plete, the  excess  of  sulphuric  acid  may  be  destroyed  with  a 
slight  excess  of  ammonia  water,  the  current  broken,  and  the 
cathode  removed,  thoroughly  rinsed  with  water  and  alcohol, 
and  dried  by  waving  over  a  free  flame.  If  the  deposit  is  not 
spongy  the  drying  is  a  matter  of  only  a  few  moments,  and 
there  is  no  danger  of  oxidizing  the  metallic  deposit.  If  it  is 
preferred,  the  current  may  be  reduced  by  interposed  resistance, 
the  rotation  stopped,  and  the  liquid  readily  siphoned  without 
danger  of  injuring  the  metallic  coating. 

II.     In  Solutions  containiiig  Acetates, 

The  next  method  to  be  studied  in  its  application  to  the  rotat- 
ing cathode  was  the  use  of  solutions  containing  acetates,  as 
recommended  by  Edgar  F.  Smith.  Originally,  Smith  used  a 
solution  obtained  by  dissolving  cadmium  oxide  in  acetic  acid* 
but  later  found  that  the  electrolysis  proceeded  equally  well  in 
solutions  containing  the  nitrate,  chloride  or  sulphate  of  cad- 
mium with  an  excess  of  sodium  acetate.f  In  the  study  of  the 
application  of  this  method  to  the  estimation  of  cadmium,  taken 
as  the  sulphate,  upon  the  rotating  cathode,  two  methods  of 
proceeding  were  followed,  both  of  which  had  been  previously 
used  by  Exner:}:  in  his  work  upon  the  rotating  anode.  In 
series  A,  of  the  experiments  following,  measured  amounts  of 
cadmium  sulphate  solution  were  run  off  from  a  burette,  the 
indicated  amount  of  sodium  acetate  was  added  in  solution,  a 
small  amount  of  potassium  sulphate  was  .added  to  increase  the 
conductivity  of  the  solution,  the  whole  diluted  to  the  desired 
volume  and  electrolysis  conducted  as  with  the  solution  contain- 
ing sulphuric  acid.  In  series  B,  the  cadmium  in  the  measured 
solution  was  precipitated  as  the  hydroxide  with  a  scxiium 
hydrate  solution,  the  precipitate  dissolved  in  a  very  slight 
excess  of  acetic  acid,  potassium  sulphate  added  as  before,  and 
the  solution  subjected  to  electrolysis. 


Series  A. 

Cd. 

Cur't 

taken. 

NaOCaHaO. 

K,SO.. 

read.-—   N.D,,,,.. 

E.M.F. 

Time. 

Cd.  fd. 

Erroi 

No. 

gmi. 

grm. 

grm. 

amp.       amp 

vts. 

min. 

grm. 

gnn 

1. 

0-1864 

1-5 

0-5 

2-0          0-0 

8-0 

. 

(§) 

--- 

2. 

0-1401 

2-0 

1-0 

1-5          4-5 

8-0 

15 

(II) 

3. 

0-1118 

0-5 

1-0 

ro       3-0 

8-0 

20 

0-1121 

+  0-0 

4. 

0-1401 

1-5 

0-5 

0-9          2-7 

8-0 

15 

0-1494 

-f  0-0 

to 

0. 

0-1491 

1-5 

0-5 

0-9          2-7 

8-0 

15 

0-1496 

4-0-0 

<3. 

0-1223 

1-5 

0-5 

0-75        2-25 

7-5 

20 

0-1237 

4-0*(l 

*  Ber.,  xi,  2048  (1878).  \  Am.  Ch.  J.,  ii,  41  (1880). 

t  J.  Am.  Ch.  Soc,  XXV,  896  (1903). 

i:^  Did  not  weigh,  as  precipitate  was  non-adherent.      Current  too  high    for  qaantit 
cadmium  present.  I  Deposits  spongy  and  blistered.     Too  mnoh  electrolyte  pre 
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Series  B. 

Cd. 

Cd. 

taken. 

NaOH. 

KaSO*. 

CTir't=r 

N.Dioo 

E.M.F. 

Time. 

found. 

Error. 

0.         grm. 

grm. 

grm. 

amp. 

amp. 

vts. 

inin. 

grm. 

grm. 

01491 

exct'88 

0-5 

1-25 

8-75 

8-0 

10 

0-1496 

+  0-0005 

0-1491 

0-2 

0-5 

0-8 

2-4 

8-0 

15 

0-1491 

±0-0000 

01491 

0-2 

0-5 

0-8 

2-4 

8-0 

15 

0-1493 

+  0-0002 

0-1 22:^ 

0-5 

0-2 

1-0 

3-0 

12-0 

20 

0-1223 

±0-0000 

0-1223 

0-5 

0-2 

1-0 

3-0 

12-0 

20 

0-1223 

±0-0000 

0-1223 

0-2 

0-5 

1-25 

3-75 

7-5 

10 

01227 

+  0-0004 

In  both  series  the  vohime  of  the  solution  was  about  60^'"'  to 
65'"*.  The  sixtli  experiment  in  each  series  will  indicate  the 
result  when  the  greater  concentration  of  45"""'  to  50-'"'  was  tried. 
In  these  cases  the  precipitate  showed  a  tendency  to  s])onginess, 
wliich  was  more  noticeable  in  series  A.  At  the  greater  dilu- 
tion, the  deposition  of  the  cadmium  proceeds  rapidly  and  satis- 
factorily ;  the  deposit  is  rather  crystalline,  fairly  compact,  and 
easily  washed,  so  that  the  method  forms  one  of  the  very  best 
where  the  cadmium  is  taken  in  the  form  of  the  sulphate :  the 
chloride  and  nitrate  behave  differently  and  will  be  treated 
later.  The  second  modification  seemed  to  give  deposits  more 
satisfactory  than  the  iirst.  Certain  cautions,  however,  are  to 
be  observed.  Not  more  than  0*1500  grm.  may  safely  be  esti- 
mated ;  the  normal  current  density  should  not  exceed  3*0 
amperes  if  a  spongy  deposit  is  to  be  avoided  ;  and,  for  the 
same  reason,  a  large  excess  of  electrolytes  is  to  be  avoided. 

HI.     In  Solutions  containing  Cyanides. 

The  deposition  of  cadmium  from  a  solution  of  the  double 
cyanide  has  always  been  very  satisfactory,  and  the  results  with 
the  rotating  cathode  were  in  complete  accordance  with  previous 
work  on  this  method.  The  range  of  conditions  of  current  and 
quantity  of  electrolyte  is  broad,  the  deposit  is  a  beautiful 
silvery  plate,  so  compact  as  to  be  rubbed  off  only*  with  diffi- 
culty, which  dries  very  quickly  ;  and  although  the  complete 
deposition  of  the  metal  is  not  so  rapid  as  it  is  from  solutions 
containing  sulphates  or  acetates,  it  is  sufficiently  rapid.  Care 
should  be  taken  to  avoid  foaming  of  the  t*olution,  as  this 
retards  somewhat  the  deposition  of  tlie  tinal  traces  of  cadmium. 
Generally,  a  volume  of  (55""^  to  70'"^'  was  found  most  satisfac- 
tory. The  solution  was  run  oif  into  a  beaker  of  convenient 
size,  the  cadmium  precipitated  with  sodium  hydroxide,  and  the 
precipitate  redissolved  in  potassium  cyanide.  The  following 
results  were  obtained  : 
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Cd. 

Cur't 

Cd. 

taken. 

NaOH. 

KCN. 

read=r 

N.D.oo. 

E.M.F. 

Time. 

found. 

Erro 

No. 

grm. 

grm. 

grm. 

amp. 

amp. 

vts. 

min. 

grm. 

grrr 

1. 

0-1491 

1-5 

0-5 

2-5 

7-5 

8 

35 

0-1408 

4-0-0< 

2. 

0-1491 

1-0 

0-5 

2-5-4-5 

7-5-13-5 

8 

30 

0-1490 

—  0-0 

3. 

0-1223 

1-5 

1-0 

2-5 

7-5 

8 

35 

0-1225 

+  0-0 

IV.     hi  Solutions  containing  Pyrophosphates, 

Brand*  has  recommended  the  use  of  a  solution  containing 
sodium  pyrophosphate  for  the  electrolytic  estimation  of  metals, 
among  others,  cadmium:  and  the  litness  of  this  solution  for 
use  with  the  rotating  cathode  was  now  studied.  In  each  case 
the  cadmium  was  precipitated  with  the  indicated  amount  of 
sodium  pyrophosphate,  the  precipitate  dissolved  iu  an  excess 
of  ammonium  hydroxide  (series  A),  phosphoric  acid  of  1*7 
specific  gravity  (scries  B),  sulphuric  acid  (series  C),  or  hydro- 
chloric acid  (series  I)),  and  subjected  to  the  action  of  the 
current.     The  volume  of  the  solution  was  OO''"". 

While  fairly  accurate  results  may  he  obtained,  the  method 
is  neither  so  accurate  as  those  previously  described,  nor  are  the 
conditions  so  flexible.  Particular  care  must  be  used  to  avoid 
too  large  a  current,  as  a  spongy  deposit  may  result.  The 
following  were  the  results  obtained  : 


Series  A. 


No. 

Cd. 
taken.  Na^PaO 
grm.       grm. 

NH4OH. 

Cur't=.     N.Djoo. 
amp.          amp. 

E.M.F. 

Vt8. 

Time, 
min. 

Cd. 

fd. 

gnu. 

Errt 
grij 

1. 

0-1491 

0-5 

15<^°^''(1:4) 

1-0-1-5      3-0-4-5 

8 

15 

01498 

+  0-0 

2. 

0-1491 

0-5 

excess. 

0-4              1-2 

8 

15 

0*1489 

—  0-0 

3. 

0-1864 

0-5 

15^"^*  (cone.) 

HsPO* 
(1-7  Bp.  gr.) 

0-7             2-1 
Series  B. 

8 

15 

01869 

4-00 

4. 

0-1491 

1-0 

1  -O^"''. 

1-0             3  0 

8 

30 

0-1496 

+  00 

5. 

0-1864 

10 

10  " 

1-0-1-5     3-0-4-5 

8 

30 

0-1857 

—0-0 

6. 

0-1491 

i-o 

1-0" 
H.SO^. 

1-0             3-0 
Series  C. 

8 

30 

0  1493 

4-  0  0 

7. 

0-1491 

1-0 

2cm9  ^j  .  4j 

20-2-5     2-0-7-5 

8 

30 

0-1501 

+  0-0 

8. 

0-1864 

0-5 

excess. 
HCl. 

10-2-0     3-0-6-0 
Series  D. 

8 

35 

0-1862 

—  0-0 

9. 

0-1491 

0-5 

sit.  excess. 

1-0             3  0 

8 

37 

0-1499 

+  0-0 

10. 

0-1491 

0-5 

t£                  (( 

l-O             3-0 

8 

36 

0-1486 

-0-0 

*Z.  anal.  Ch.  xxviii,  581  (1889). 
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In  Nos.  1  and  3  a  small  amount  of  dilute  sulphuric  acid  was 
added  to  increase  the  conductivity  of  the  solution,  but  the  time 
was  not  reduced  thereby,  while  the  resulting  deposit  was 
slightly  spongy. 

in  No.  5  the  cadmium  was  not  quite  all  precipitated. 

In  No.  7  the  precipitate  was  spongy. 

V.     In  ISolutions  containing  Phosphates, 

The  use  of  a  solution  containing  the  orthophosphates  dis- 
solved in  phosphoric  acid  has  been  reconimended  by  Smith*, 
and  this  solution  was  next  tried.  The  following  results  will 
show  the  scope  of  the  modifications  tried : 


Cd. 

H,P04 

Total 

Cd. 

taken. 

HNAaPO* 

.(1:7) 

vol. 

Cur't.  - 

N.Dioo. 

E.M.F. 

Time. 

fd. 

Error. 

No. 

grin. 

grin. 

cm. 

cm. 

amp. 

amp. 

vts. 

min. 

grm. 

grm. 

1. 

0-1491 

0-5 

1-0 

75 

1-0-1-2 

3-0-  3-C 

8 

20 

0-1477 

—  0-0014 

2. 

0-1491 

0-5 

50 

75 

2 -0-2 -5 

6  0-  7-5 

8 

23 

0-1496 

+  0-0005 

:^. 

0-1491 

0-5 

5-0 

75 

2-0-1-5 

6  0-  4-5 

8 

30 

0-1508 

+  0-0017 

4. 

0-1491 

0-5 

3-0 

75 

2-5 

7-5 

12 

25 

0-1502 

+  0-0011 

5. 

0-1491 

0-5 

4-0 

75 

2-5 

7-5 

8 

25 

0-1486 

-0-0006 

0. 

0-1491 

9  5 

2-0 

75 

2-5 

7-5 

12 

35 

01601 

+  0-0010 

0-1864 

0-25 

2-0 

75 

2-0-3-0 

6-0-  9-0 

12 

40 

0-1861 

—  0-0003 

8. 

0-1491 

0-3 

1-5 

75 

3-5 

10-5 

12 

30 

0-1502 

+  0-0011 

9. 

0-1019 

0-25 

5  0 

75 

2-5-3  0 

7-5-9-0 

7-8 

30 

0-1024 

+  0-0005 

lU. 

0-1019 

0-25 

5-0 

75 

3-0-3-5 

9-0-10-5 

7-8 

30 

0-1027 

+  0-0008 

11. 

01223 

0-2 

5-0 

75 

3-0-3-5 

9-0-10-5 

7-8 

40 

0-1221 

—  0-0002 

No.  1. — Not  all  out.  No.  2. — Slight  yellow  color  with  H,S. 
No.  3. — Slight  yellow  with  11,8.  No.  4. — Spongy.  No.  5. — 
Not  all  out.  No.  6. — Spongy.  No.  10. — Spongy.  No.  11. — 
Slight  test  with  II,S. 

From  this  series  of  experiments  it  may  be  seen  that  the 
method  may  be  made  to  give  fair  results  if  the  following  con- 
ditions are  closely  adheretl  to :  for  a  total  volume  of  75""\  the 
cadmium  is  precij)itated  with  0-25  grm.  of  hydrogen  disodic 
phosphate,  5'™'  of  phosphoric  acid  (sp.  gr.  =  1*7)  added,  and 
the  solution  electrolyzed  with  a  current  of  about  8  volts  poten- 
tial. If  the  normal  current  density  does  not  exceed  9  amperes, 
the  deposit  will  be  fair,  and  complete  in  about  30  minutes. 

VI.     In  Solutio7is  eo7itainl7ig  Oxalates. 

Much  work  was  expended  upon  the  oxalate  method,  but  in 
spite  of  this,  a  satisfactory  deposit  could  not  be  obtained. 
When  ammonium  oxalate  was  present,  even  in  small  amounts, 
the  deposit  was  very  spongy :  while  the  use  of  sodium  oxalate 
alone,  when  carried  down  even  to  the  smallest  excess  possible 

♦Am.  Ch.  J.,  xii,  829  (1890). 
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to  give  a  soluble  double  oxalate,  gave  results  much  too  high. 
The  dissolving  of  the  precipitated  oxalates  in  various  reagents 
furnished  no  solution  to  the  problem. 

The  results  in  the  following  table  will  show  the  scope  of  the 
work  done : 


No. 

Cd. 
tkn. 

Am. 
oxalate. 

^         Pot. 
oxalate. 

t 

Solvent. 

Cnr't  = 

• 

• 

Cd. 
fd. 

grin. 
01491 

grm. 

grm. 
none 

none 

amp. 

! 

3-0 

amp.      ^  ^ 

? 

grm. 

1. 

excess 

9-0       12 

0-1558 

2. 

0  1491 

sit.  excesA 

none 

i. 

25 

7-5       12 

80 

01506 

3. 

0-1491 

20 

0-5 

(( 

2-0  -2-5 

6-0  -  7-5   8 

25 

01531 

4. 

01491 

noue 

0-5 

\  16  dps. 

2-5 

7-5         8 

30 

01476 

mm 

0. 

01491 

i< 

8-0 

none 

20 

60         6-2 

20 

01507 

6. 

01118 

40 

1        none 

»* 

1-5 

4-5         61 

20 

01372 

7. 

? 

noue 

50 

\  NH4OH, 

1i  few  cm. 

2-0  -3-5 

6-0  -10-5  6-8 

18 

? 

8. 

0-1118 

i4 

.50 

none 

1-5 

45          60 

15 

01129 ; 

9. 

0-1019 

4-0 

i< 

2-0  -30 

6-0  -  90   8 

20 

0  0995 

10. 

01019 

60 

0-5  -1-5 

1-5  -  4-5  4-6 

35 

00982 

11. 

0-1019 

!          50 

(i 

10 

30          5-5 

55 

01038 

12. 

01019 

70 

(t 

0-5 

1-5         4 

55 

01030 

13. 

01223 

2-0 

8-0 

n 

01  -0*15 

0-3  -0-45   4 

60 

01236 

14. 

01223 

2-0 

j         80 

iC 

002-0-10 

•06-  0-3    4 

76 

01229 

15. 

01223 

(KOH 
\  1  grm. 

3  IlaSO*  dil. 

j  oxalic  acid 
/  Ogrm. 

30 

90         8 

40 

0-0876 

16. 

01223 

)  KOH 
\  0-25  grm. 



^  oxalic  acid 
i  10  grm. 





1 

17. 

01019 



i  ox^ic  acid 
1  1  grm. 

1-2 

3-6         8 

35 

01033 

18. 

0-1019 

1 

S  oxalic  acid 
)  3  5  grm. 

3 

9           8 

60 

01018 

Of  these,  numbers  1,  2,  3,  6,  8,  9,  14,  15,  17,  and  18  gave 
very  spongy  precipitates,  while  No.  7  was  so  spongy  that  it 
could  not  be  satisfactorily  dried,  and  so  was  not  weighed.  In 
experiments  numbered  4,  9,  10,  14,  15,  and  18  the  cadmium 
was  not  all  precipitated  in  the  time  allowed.  In  No.  10,  also 
the  precipitate  was  non-adherent.  In  No.  16,  the  oxalate  was 
precipitated  and  was  not  broken  up  by  the  current. 

VII.     Jn  tSolutions  containing  Urea^  etc, 

Balachowsky*  obtained  good  results  by  the  electrolysis  of 
solutions  containing,  in  addition  to  cadmium  salts,  urea  and 
various  aldehydes.  These  solutions  were  fou!id  to  offer  no 
difficulties  with  i\\Q  rotating  cathode,  when  cadmium  sulphate 
is  taken,  *^is>  may  be  seen  from  the  following  results.  The 
deposits  were  gra}^,  compact,  and  quickly  dried.  The  solution 
was  diluted  to  about  (>(>"''  or  70*'"',  and  the  best  current  poten- 
tial was  found  to  be  that  given  by  six  storage  cells  connected 
in  series — apj)roximately  11*8  volts. 

♦Compt.  rend.,  cxxxi,  385  (1900). 
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Series  A. — XJrea,  3  grms. 


Cd. 

Cd. 

taken. 

Cur't  = 

N.Dioo.         Time. 

foand. 

Error. 

No. 

grm. 

amp. 

amp.            min. 

grm. 

grm. 

1. 

0-1019 

0-25-0-5 

0-75-1-5          35 

0-1018 

—0-0001 

o 

01223 

0-2 

0-6              35 

0-1223 

±0-0000 

3. 

0-1223 

0-25-0-5 

0-75-1-5          30 

0-1230 

+  0-0007 

Series  B.— Formalin,  2«'»'*. 

1. 

0-1019 

0-1   -1-0 

0-3  -3-0          30 

0-1018 

—  0-0001 

2. 

01223 

0-2  -ro 

0-6  -3  0          30 

0-1224 

+  00001 

3. 

0-1223 

0-2  -l-O 
Series  C 

0  6  -3  0          30 
!.— Aoetaldehyde,  2"»«. 

0-1225 

+  0-0002 

1. 

0-1019 

0-1  -0-8 

0-3  -2-4          35 

0-1022 

+  0-0003 

2. 

0-1223 

0-1   -0-8 

0-3  -2-4          30 

0-1228 

+  0-0005 

3. 

01223 

O-l   -0-8 

0-3  -2-4          30 

0-1222 

—  0-0001 

Siuce  the  conductivity  of  the  solutions  containing  urea  and 
the  aldehydes  is  comparatively  low,  the  efifect  of  adding  elec- 
trolytes was  tried.  The  rate  of  deposition  was  very  much 
increased,  but  the  precipitated  metal  showed  stich  tendency 
toward  sponginess  that  this  procedure  is  not  to  be  highly 
recommended.     The  following  were  tlie  tests  tried  : 

Serier  a. — Urea,  3  grms.;  Time,  20  min;;  E.M.F.,  7*8  volts  ;  Cnrrent  read, 

0*5  amperes;  N.Dioo,  1*5  amperes. 


Cd.  taken. 

Cd.  foand. 

Error. 

No. 

grm. 

Electrolyte. 

grm. 

grm. 

Notes. 

1. 

0-1019 

K,SO^,  0-5  grm. 

0-1031 

+  0-0022 

spongy. 

2. 

0-1019 

same 

0-1031 

+  0-0022 

« 

3. 

0-1019 

(1I,S0,(1:4) 
(  5  drps. 

0-1023 

+  0-0004 

good  ppt. 

4. 

0-1019 

same  as  3 

0-1027 

+  0-0008 

sit.  spgy 

5. 

0-1019 

ni,S0.(l:4) 
\  8  drps. 

0  1027 

+  0-0008 

IC               (( 

Series  B.— Formaldehyde  (formalin),  2-5«'"  ;  Time,  20  min.;  E.M.F.  7-9 
volts.  Current  started  at  0*5  ampere  and  rose  to  1*0  ampere  at  the  end 
of  the  process  (N.Dioo  =  l*5-3'0  amperes.)  In  each  case  the  precipitate 
was  good.  Ten  drops  of  dilute  sulphuric  acid  were  added  to  increase 
the  conductivity  of  the  solution. 

Cd.  taken.  Cd.  found.  Error. 

No.  grm.  gnu.  grm. 

1.  0*1019  0-1020  +0*0001 

2.  0*1019  0-1019  ±0-0000 

VIII.     In  Solutions  containing  Formates. 

The  use  of  the  solutions  containing  potassium  formate  and  a 
slight  excess  of  formic  acid  has  been  recommended,*  but  I 

♦Warwick,  Z.  anorg.  Ch.,  i,  285  (1892);  Avery  and  Dales,  J.  Am.    Ch. 
Soc.»  xix,  880  (1897). 


276    Flora — Estimation  of  Cadmiuin  tahen  as  the  Sulphate. 

was  unable  to  adapt  tliis  method  to  the  rotating  cathode. 
When  potAssiuni  formate  was  present  in  even  the  smallest 
amounts  the  precipitate  was  spongj^  and  non-adherent.  From 
solutions  containing  formic  acid  alone,  however,  the  metal  is 
deposited  in  a  satisfactory  form,  but  only  after  long  passage  of 
the  current.  The  following  results  will  show  the  limit  of 
applicability  of  the  process,  experiments  numbered  8  and  9 
seeming  to  represent  the  most  desirable  conditions: 


Cd. 

KCHOa 

Cd. 

tkn. 

sat.  sol. 

Curt  = 

^.Dioo> 

E.M.F. 

Time. 

fd. 

KlT< 

No. 

grm. 

cm^. 

HOCHO. 

amp. 

amp. 

vts. 

min. 

grm. 

grn 

1. 

0-1019 

2 

^  ^ 

1-0  -2-0 

3-6 

8 

17 

1   Not  weii!:hcc 

*•  • 

0-1223 

0-5 

»  _ 

0-4 

1-2 

8 

«  . 

I       PP^- 

hlistc 

3. 

0-1223 

0-5 

.  . 

0-4 

1-2 

8 

»    , 

'      and 

drop 

4. 

0*1223 

0-5 

.  . 

U-4 

1-2 

8 

^  ^ 

off. 

5. 

0-1223 

^  ^ 

15  dps. 

0-25-0-8 

0-75-2-4 

12 

25 

0-1228 

-^0-0 

6. 

0-1223 

^  ^ 

16    " 

0-25-0-8 

0-75-2-4 

8 

25 

0-1212 

—  0-0 

1, 

0-1223 

_   ^ 

21     ** 

0-5  -1-5 

1-5  -4-5 

12-16 

35 

0-1202 

— 0-c 

8. 

0-1019 

^  ^ 

^.5cm3 

0-5  -10 

1-5  -3-0 

12 

60 

0-1022 

+  0-C 

9. 

01223 

1-5" 

0-4  -1-0 

1-2  -3-0 

12 

55 

0-1218 

—0-c 

In  the  experiments  numbered  5,  6  and  7  the  cadmium  was 
not  all  precipitated  in  the  time  indicated,  as  was  shown  by 
testing  the  solution  with  hydrogen  sulphide. 

IX.     In  Solutions  containing  Tartrates. 

Solutions  containing  ammonium  tartrate  were  also  tried,  but 
failed  to  give  satisfactory  deposits,  the  dei>osit  in  each  case 
being  spongy.  If  the  solution  contain  only  tartaric  acid,  how- 
ever, in  place  of  its  salts,  fairly  satisfactory  results  may  be 
obtained,  as  shown  by  the  folio  whig  table : 


ca. 

tkn. 
No.  gi-m. 

1.  0-1223 

2.  0-1223 

3.  0-1223 

4.  0-1019 


Tartaric 
acid, 
grm. 

3 

2 
3 


Cur't  = 
amp. 

0-5-1-0 
0-5 
0-5 
1-5 


amp. 

1-5-3  0 

J -5 

1-5 

4-5 


K.M.F.  Time, 
vts.   min. 

8  20 

8  30 

8  50 

11-8  18 


Cd.  fd. 
grm. 

0-1212 
0-1216 
0-1215 
0-1022 


Error, 
grm. 

—0-0011 

—0-0007 

—0-0008 

+  0-0003 


Tests  with  hydrogen  sulphide  showed  that  the  cadmium  was 
not  all  precipitated  in  the  tests  numbered  1,  2  and  3,  which 
were  performed  at  a  dilution  of  70^"'^;  experiment  4  was  per- 
formed at  a  <lilution  of  50""*".  It  will  be  noted  that,  as  in  the 
sulphate  process,  the  last  traces  of  cadmium  are  thrown  out  of 
the  higher  state  of  dilution  only  with  extreme  difficulty. 
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Art.  XXX. — The  Crystallization  of  Luzonite  ;    and  other 
Crystallographic  Studies  ;  by  Alfred  J.  Moses. 

1 .    The  Crystallization  of  Luzonite. 

The  reddish  bronze,  iine-grained  variety  of  Cii.AsS^  which 
is  found  in  the  copper  veins  of  Mancayan,  Luzon  Island  in 
the  Phillipines,  has  been  generally  accepted  as  dimorphous 
with  enar^ite,  but  the  minute  crystals,  "tiny  individuals  of 
unrecognizable  form,"*  observed  in  the  cavities  growing  from 
the  granular  mass  have  not  been  measured-  but  rather  referred 
to  as  "indistinct,  uneven,  striated  crystals  not  rhombic  but 
monoclinic  or  ev^en  triclinic."t 

Recentlv  Mr.  Maurice  Goodman,  senior  field  assistant  in  the 
Bureau  of  Mines,  Manila,  collected  a  nuniber  of  hizonite  speci- 
mens showing  these  crystals  in  cavities,  from  which  I  selected 
and  measurea  the  crystals  here  described. 

Crystals  No,  1  and  No,  2, — A  mass  of  typical  luzonite,  free 
from  all  visible  columnar  blackish  enargite,  showed  a  number 
of  cavities  the  walls  of  which  were  crystalliised  ;  that  is,  little 
detached  fragments  of  the  walls  under  the  microscope  were 
seen  to  be  facetted  by  minute  crystals  which  projected  very 
slightly  and  the  faces  of  which  could  be  traced  down  until ' 
they  merged  in  the  bronze-colored  mass.  They  were  not 
implanted  on  or  enclosed  in  the  mass,  but  distinctly  suggested 
that  the  mass  on  solidifying  formed  little  facets  such  as  form 
on  the  cooling  of  a  fused  mass  of  pyrouiorphite.  It  is  curious  and 
probably  of  genetic  significance,  that  the  terminal  planes  of  these 
crvstals  are  decidedly  li^^hter  in  color  and  of  less  brilliant  luster 
than  the  side  planes,  the  latter  suggesting  the  dark  gray  of 
enargite  or  stibnite  and  the  former  a  reddish  steel-gray  not 
very  diiferent  from  the  tint  of  the  massive  luzonite.  In  more 
than  one  instance  in  which  a  fracture  extended  across  a  crystal  * 
into  the  massive  material  it  was  impossible  to  see  any  difference 
in  the  color  or  character  of  the  surfaces. 

Two  little  crystals  were  mounted  for  measurement.  No.  1, 
shown  in  fig.  1,  was  only  -J  to  ^"""  in  any  direction,  but  was 
attached  to  a  fragment  of  the  mass  from  which  it  had  devel- 
oped. Signals  were  obtained  in  the  two-circle  goniometer 
from  seven  faces  but  were  a  little  blurred.  Crystal  No.  2, 
shown  in  fig.  2,  was  the  largest  crystal  I  observed  as  a  cavity 
wall  facet,  and  its  terminal  face  was  approximately  a  rhomb  of 
liXf"*".  It  also  yielded  signals  from  seven  faces  and  a  series 
of  signals  from  a  curved  triangular  surface. 

In  both  crystals  the  terminal  faces  were  reddish  steel-«:ray 
and  the  vertical  faces  dark  gray.     Taking  the  terminal  laces 

♦WeiBbach,  Tscher.  Min.  Mitth.,  1874,  257. 
tFrenzel,  ibid.,  1877,  803. 
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as  G  =  001,  the  consideration  of  the  angles  in  the  vertical  zone 
suggested  an  orientation   for   comparison   witli  the   common 


forms  of  enargite  as  follows  : 
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89°  46' 


A  =  29°  54'  13"  

/=20°  58'  38"  20°  22' 

b=z   0°  0°    5' 

a=90°  

That  is,  all  the  angles  are  those  of  the  common  forms  of 
enargite  within  the  limits  of  accuracy  that  the  measurement 
of  minute  crystals  with  rather  dull  c  faces  and  somewhat 
striated  vertical  faces  would  pern)  it. 

Crystals  No,  3  and  No.  ^. — The  relatively  simple  crystals 
from  the  cavity  walls  connect  directly  with  the  two  other 
more  highly  modiiied  crystals  here  described. 

Upon  another  specimen  and  so  in  contact  with  the  massive 
luzonite  as  to  be,  in  my  opinion,  developed  from  it,  were  a 
number  of  little,  bright,  highly  modiiied  crystals  which  like 
Nos.  1  and  2  are  much  lighter  colored  on  the  terminal  faces 
than  on  the  side  or  prism  faces.  Crystal  No.  3  w^as  the  best 
of  these  found,  and  as  shown  in  fig.  3  it  proved  to  include  all 
the  forms  of  Xos.  1  and  2  as  well  as  those  of  the  later  described 

crystal  4.  Its  size  was  iX^Xl"""  in  the  directions  a,  J,  c 
respectively. 
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From  still  anotber  specimen  of  massive  luzonite,  bnt  resting 
upon  it  rather  tlian  growing  from  it,  was  a  little  group  of 
black  lustrous  crystals,  tlie  Itost  of  wliicli,  crystal  No.  4,  sliown 
ill  fig.  4,  measured  j',  XiX  |"""  in  the  directions  a,  b,  c,  wliieli, 


F^ 

S  P^ 

'"'a              "■       ^ 

I   b 

,                                     ft 

while  differing  from  all  duncribed  enargite  crystals  in  tlie  pres- 
ence of  a  pyramid,  P=223,  as  its  most  prominent  termiTial  form, 
connects  directly  with  crystal  No.  3  by  the  fact  that  this  pyramid 
and  all  the  other  forms  of  the  crystal  are  prominent  on  crystal  3. 
Both  crystals  were  measured  in  the  two-circle  goniometer. 
Crystal  JJo.  3  yielded  good  to  tine  signals  from  twenty-one 
faces  and  poorer  ones  from  four  othei-s,  while  crystal  No.  + 
yielded  good  signals  fi-oni  twelve  faces  and  p(M>rer  from  two 
othere.     The  average  results  bibulate  as  follows: 
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•  Poor  signals. 
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The  Calculated  Angles  of  Enargite, — The  axial  elements 
calculated  bv  Dauber*  in  1854  are 

«:  J:  6-  =  0-8711  : 1 :  0-8248 

based,  upon  angles  of  imii  =  82°  7'  and  es  =  39°  31'. 
In  1895  Fletchert  calculated  new  elements 

d:h:c  =  0-8C94  : 1 :  0-8308 

based  upon  angles  mm  =  82°  OJ'  and  ck  =  43°  42' 

This  value  of  inm  is  the  avenige  of  so  many  measurements 
that  it  cannot  well  be  questioned  and  it  is  not  far  from  the 
angles  here  obtained  since  the  mean  of  twenty  (f>  angles  of  110 
and  223  is  48°  57i'  and  Fletcher's  mm  =  82°  Oi'  yields  <^  of 
110  =  48°59r. 

Fletcher's  value  for  c,  however,  considers  only  the  faces 
k  =  lOl  and  is  the  mean  of  some  fourteen  values  of  ck.  The 
new  pyramid,  P  =  223,  is  re])resented  on  crystals  Nos.  3  and  4 
by  eight  good  faces  and  the  readings  especially  in  crystal  4  are 

close.  The  angles  <f>  and  p  of  223  in  crystal  4  yield  d\b  \  6^= 
-8698  : 1  :  -8241,  essentially  those  of  Fletcher  in  the  case  of  a 
but  not  so  near  in  the  case  of  c, 

I  have  therefore  used  in  my  calculation  an  intermediate 
value  for  c  of  '8274,  w4iich  is  also  an  approximate  mean  be- 
tween the  c  values  of  Fletcher  and  Dauber. 

In  conclusion,  these  results  show  that  the  crystals  which  form 
at  the  solidification  of  luzonite  and  those  which  form  possibly 
later  on  luzonite  have  the  angles  of  enargite.  In  other  words, 
"  luzonite  "  is  not  an  independent  species  but  merely  a  variety 
of  enargite. 

I  base  this  claim  principally  on  the  angles  here  recorded  for 
the  small  and  relatively  simple  crystals  Nos.  1  and  2,  which  are 
tvpes  of  the  cavitv-wall  crvstals  so  connected  with  the  massive 
material  that  it  is  impossible  to  doubt  that  they  are  the  results 
of  its  solidification. 

Crvstal   No.    3   1   believe   to   have    formed   in    the    same 

%> 

manner  but  under  more  favorable  conditions,  while  crvstal  No. 
4  IS  evidently  secondary.  The  new  form  P  =  223,  prominent 
in  both,  connects  them  however. 

The  observed  color  difference  on  the  terminal  faces  and  ver- 
tical faues  of  the  cavity-wall  crystals,  and  crystal  No.  3,  prob- 
ablv  has  frenetic  significance.  The  recorded  analysis  bv 
Winkler  is  of  practically  pure  material,  which  makes  inadmis- 
sible a  theory  of  cry  stall  ogra])hic  regularity  in  elimination  of 
impurities.  The  comparative  dullness  of  the  basal  plane  in 
Nos.  1  and  2  might  suggest  a  light  effect  explaining  the  color, 

*Pogg.  Ann.,  Ixxiii,  383,  1854. 

t  Mineralogical  Magazine,  xi,  73,  1895. 
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but  in  crystal  No.  3  c  is  bright  and  the  color  is  still  reddish 
steel-pi*ay.  Tarnish  does  not  seem  to  explain  it,  as  qnargite 
usually  tarnishes  a  blue-black,  and  finally  the  possible  deposi- 
tion of  a  thin  layer  of  dark-colored  enarg^ite  observed  on  pyrite 
associated  with  Morococho  enargite  seems  not  to  explain,  since 
the  cleavage  on  No.  3  is  also  of  the  dark  gray  color. 

2.    Crystallized  Wolf ramUe  from  Boulder  Co.,  Col. 

Mr.  Morris  K.  Jones,  of  Boulder,  Colorado,  sent  me  a  sack 
of  tungsten  ore  from  different  lodes  in  the  property  of  the 
Great  Western  Exploration  and  Reduction  Co.,  situated  about 
twelve  miles  west  of  the  city  of  Boulder. 

The  mineral,  which  varies  in  the  percentage  of  manganese 
in  the  different  lodes,  occurs  in  most  of  the  specimens  as  the 
cementing  material  of  a  brecciated  rock  composed  chiefly  of 
fine-grained  quartz  and  partially  decomposed  feldspar.  The 
spaces  between  the  angular  rock  fragments  are  filled  with  the 


crystalline  black  ore,  the  crystals  often  crossing  the  crevices. 
Occasionallv  the  ore  thickens  to  a  considerable  mass. 

On  breaking  the  specimens  numerous  black  brilliant  little 
crystals  were  found,  rarely  exceeding  1^  to  2'"'"  in  their 
longest  dimension.     So  far  as  observed  none  of  the  crystals  is 

doubly  terminated  in  the  direction  of  the  b  axis,  but  all  have 
grown  out  in  that  direction  from  the  mass.  This  and  the 
frequent  existence  at  the  visible  end  of  a  rectangular  face  or 
cleavage  h  =  010  suggests  at  first  examination  a  simple  com- 
bination of  the  three  pinacoids.  The  actual  form,  however,  is 
that  shown  in  figure  5. 

Two  crystals,  each  ending  in  a  h  cleavage  and  essentially 
alike  in  habit,  were  measured.     Crystal  No.  1  was  f  X  i  X  f '"'" 

in  the  directions  rf,  J,  c?,  and  crystal  No.  2  a  trifle  larger. 
The  forms  identified  by  the  measurements  were : 
Primnatic  zone — ^='210;   7?/  =  110;   i  =  010 ;   all    yield- 
ing good  signals  from  bright  decided  faces  of  both  crystals. 

In  addition  a  signal  was  obtained  from  both  crystals  which 
closely  corresponded  to  d  =  310.  It  was,  however,  evidently 
a  second  element  in  the  striations  upon  the  faces  I  =  210. 
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Tlie  largest  face  in  each  crystal  was  undoubtedly  c  =  001, 
but  these  laces  were  so  striated  that  the  series  of  images  gave 
values  for  p  each  side  of  the  correct  position  through  four  or 
five  degrees,  and   probably  involved  various  indeterminable 

domes  h  0  /  and  h  0  I, 

The  remaining  forms  determined  were  t  =  102  well  devel- 
oped; A  =  112  minute  but  bright,  and  a  new  form,jp  =  214 
occurring  as  a  narrow  truncation. 

The  comparison  between  the  measured  and  computed 
coordinate  angles  for  Z,  ;/?,  t^  A  and  j)  is : 
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Upon  a  few  of  the  specimens  tliere  were  small  yellow 
sphalerite  crystals  and  small  crystals  of  scheelite  not  suitable 
for  measurement. 

3.  New  Faces  on  Sylvanite  Crystal  from  Cripple  Crteky  CoL 

Some  three  or  four  years  ago  Mr.  F.  C.  Hamilton  purchased 
some  telluride  specimens  from  a  dealer  at  Cripple  Creek,  Col., 
and  presented  them  to  Columbia  University.  Among  these 
was  a  mass  of  3^  oz.  in  weight  which  consisted  almost  entirely 
of  large  crvstals  and  crystal  bunches  some  of  them  20  X  5""" 
in  length  and  breadth.  Nearly  every  one  of  these  was  partly 
coated  with  a  thin  layer  of  chalcedony,  but  many  brilliant 
faces  and  cleavages  were  visible. 

There  were  a  ifew  smaller  crystals  upon  the  mass  which  were 
nearly  free  from  chalcedony ;  one  of  these  was  so  symmetrical 
that  it  was  measured  under  the  impression  that  it  was  ortho- 
rhombic  and  ])ossibly  a  highly  modified  krennerite.  The 
angles,  however,  quickly  proved  its  identity  with  sylvanite. 

The  dimensions  of  the  crystal  were  approximately  1 X 1X2""" 

in  the  directions  (iy  J,  c.  For  better  adjustment  the  crystal 
was  mounted  in  the  two-circle  goniometer  with  the  large 
If  =  (010)  face  parallel  to  the  vertical  circle,  and  centered  by 
this  face  and  the  faces  of  the  zone  [100  001].  The  results 
were  then  transformed. 

Twenty-six  forms  were  identified,  of  which  twenty  have  been 
previously  described  by  Dr.  Chas.  Palache*  on  crystals  from 
Cripple  Creek  ;  two  others,  JA=l0i  and  ^;=112,  are  recorded 
forms  not  previously  noticed  on  the  crystals  from  this  locality 

♦  This  Journal,  x,  419,  1900. 
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and  four  are  new  domes  ^=102,  r=103,  ^=203  and  Z=203. 
The  following  angles  give  the  proofs  for  these  previously  un- 
recorded and  new  forms : 

Measured  p.     Calculated  p. 

JJfrzrlOl. 34° 

jBr=102 19° 

/=203. 24° 

7=103 13° 

Z=203 24° 


35^ 

34° 

18' 

19' 

19° 

12f 

50i' 

24° 

55' 

16^ 

13° 

4i' 

13' 

24° 

27' 

/ 

p=33° 

30' 

4' 

p  =  33° 

35i' 

For  the  pyramid  j!>  =  112 

Measured  angles <^=31°   18' 

Calculated  angles ^=32°     o^' 

The  occurring  forms  and  their  relative  development  may  be 
judged  by  the  following  tabulation.  The  forms  in  the  iirst 
column  are  in  most  cases  composed  of  iine  relatively  large 
faces ;  the  largest,  however,  being  the  three  pinacoids  and  the 
three  domes  102, 101,  503.  All  of  these  domes  are  new  to  the 
localitv. 

Faces  yielding 
Type.  fine  signals. 

Pinacoids.-  001,  010,  110 

/iA-O 110,  210 

0A7 

1M 102,  101 

AU/ TOI,  203 

hkl ...   121,  321 

Tiki I21,  321 

4.     irematite  Parting  from  Franklin  Furnace^  N,  J, 

A  mass  of  ore  from  Franklin  Furnace,  N.  J.,  weighing 
abbut  two  pounds,  consisted  principally  of  hematite  with  a 
very  marked  rhombohedral  parting.  With  the  hematite  was 
calcite  also  showing  a  parting  (parallel  to  0112)  and  enclosed 
within  the  calcite  was  a  broken  crystal  about  one  inch  in  diam- 
eter which  consisted  of  a  well-delined  crust  of  hematite  with 
the  parting,  the  red  streak,  the  very  feeble  manganese  and  very 
weak  magnetism ;  and  a  core  of  franklinite  with  different  luster, 
no  parting,  brown  streak,  decided  manganese  reaction  and 
decided  magnetism. 

For  record  the  nearly  cubical  i)arting  was  ujeasured.  The 
signals  are  not  bright  and  there  is  a  little  calcite  between  the 
parting  surfaces.  Two  angles  of  a  fragment  viclded  respect- 
ively 94°  35',  93°  52'  or  an  average  of  94°  13'.  The  unit 
rhombohedron  angle  of  hematite  is  94°  0'. 


Faces  yielding 
good  signals. 

Faces  yielding 
faint  signals. 

310 

Oil 

•      •      ^      * 

203 

103 

111,  112,  123 

141, 

323,  521 

111,  I23 

521 
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Mr.  John  Crawford,  Jr.,  made  tri))lieate  analyses  for  me  < 
selected  material  for  total  iron  and  for  FeO,  the  result  being 

Fe  per  cent.  FeO  i)er  cent. 

6715  1-97 

67-07  106 

67*'2'2  1*54 

67*15  average.  1*72  average. 

Deducting  the  1'34  Fe  e<iuivalent  to  1*72  FeO  leaves  (Jo'Sl  F 
present  as  Fe,(),  or  94'0o  per  cent. 
The  total  analvsis  becomes  : 

Insohible 1*50 

CaO  calculated  to  CaCO, 285 

Fe,0, 9400 

FeO l-7> 

100-07 

<  )r  recalculating  the  Fe,0,  and  FeO  to  100  per  cent. 

Fe,0, 08-20  per  cent. 

FeO 1-80        " 

Culuinbia  University,  June,  1905. 
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Art.  XXXI. — The  Determination  of  the  Optical  Character 
of  Birefracting  Minerals  ;  by  Fred.  Eugene  Wright. 

Minerals  are  recognized  in  the  thin  section  chiefly  by  their 
crystallographic  properties  and  by  the  effect  they  have  on 
transmitted  light.  The  more  important  optic  features  used  in 
their  microscopic  discrimination  are  color,  pleochroism,  refrac- 
tive index,  birefringence,  optical  orientation,  angle  between 
the  optic  axes  (2V),*  and  optical  character.  Of  these  tlie  latter 
two  are  determined  in  convergent  polarized  light  and  are  well 
adapted  for  general  application.  They  furnish  exclusive  data 
as  to  the  nature  of  a  given  mineral,  and  can  be  accomplished 
by  ordinary  petrographic  microscopes. 

The  optical  character  of  a  mineral,  whether  positive  or  nega- 
tive, depends  by  definition  solely  on  the  value  of  the  bisector  of 
the  acute  angle  between  the  optic  axes ;  it  is,  therefore,  inde- 
pendent of  the  crystal  system  and  pertains  to  all  birefracting 
minerals.  The  usual  methods  available  for  its  determination, 
however,  apply  in  practice  only  to  uniaxijil  minerals  and  to 
those  biaxial  minerals  for  which  the  angle  between  the  optic 
axes  in  air  (2E)  is  less  than  80°;  if  2E  exceeds  this  limit,  the 
traces  of  the  optic  axes  lie  outside  of  the  microscopic  field 
and  give  rise  to  uncertainty  as  to  the  position  of  the  acute 
bisectrix,  thereby  seriously  affecting  the  results.  There  are 
several  methods,  however,  which,  although  not  novel  in  prin- 
ciple, are  scarcely  recognized  in  literature,  and  which  practi- 
cally obviate  this  difficulty.  They  are  based  on  phenomena 
observed  in  convergent  polarized  light  with  nicols  crossed  and 
apply  equally  well  to  uniaxial  and  biaxial  minerals. 

A  general  consideration  of  microscopic  mineral  determina- 
tion shows  conclusively  that  the  optical  character  of  minerals 
is  one  of  their  most  useful  traits  for  practical  determination 
since  the  means  employed  are  simple  and  of  easy  application. 
The  following  paragraphs  aim  to  present  these  methods  from 
a  working  standpoint,  the  necessary  theoretical  data  appearing 
in  fine  print. 

The  crystal  sections  of  birefracting  minerals,  from  which 
decisive  interference  figures  can  be  obtained,  are  those  cut 
exactly  or  nearly  perpendicular  to  the  bisectrices  of  the  optic 
axes,  to  the  optic  axes,  and  parallel  to  the  plane  of  the  optic 
axes.  These  sections  and  the  methods  applicable  to  them  can 
be  discussed  for  all  birefracting  substances  if  uniaxial  minerals 
are  treated  as  a  limiting  case  of  biaxial  minerals. 

*  The  use  of  the  term  optic  binormal  in  place  of  **  optic  axes"  as  pro- 
posed by  Mr.  L.  Fletcher  in  his  treatise  on  The  Optical  Indicutrix  may  be  an 
improvement  on  the  original  term,  but  since  the  distinction  implied  by  the 
words  uniaxial  and  biaxial  is  in  use  in  all  languages,  is  convenient  and 
causes  no  confusion,  it  is  probable  that  the  original  designation  will  remain. 

Am.  Jour.  8ci.— Fourth  Series,  Yol.  XX,  No.  118.— October,  1905. 
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The  figures  1-6,  used  to  illustrate  the  methods,  were  obtained 
ill  part  by  graphical  and  in  part  by  iiiatlieniatical  means  based 
on  the  law  of  Fresnel,  that  the  planes  of  polarization  for  rays 
traveling  in  any  direction  bisect  the  angles  between  the  planes 
containing  the  ray  and  the  two  optic  axes  respectively  ;  in 
other  words,  the  directions  of  extinction  for  any  face  bisect 
the  angles  between  the  projections  of  the  optic  axes  on  the  face. 

PUitcH  cut  perpendicular  to  the  acute  hisectrix. 

For  birefracting  minerals  in  which  2E  is  less  than  80°,  the 
methods  ordinarily  described  in  text-books  are  applical)le  and 
satisfactory.  Both  optic  axes  appear  then  in  the  field,  and  the 
optical  character  can  be  ascertained  in  convergent  polarized 
light  by  observing  tlie  change  in  position  of  the  lemniscatic 
interference  curves  in  alternate  quadrants  on  the  insertion  of  a 
qnartz  wedge  or  a  plate  showing  the  interference-color  red  of 
tlie  first  order,  or  a  quarter-undulation  mica  plate.  The 
numerical  value  of  2E  can  also  be  measured  on  the  same  sec- 
tion by  the  Bertrand-Mallard*  method  described  below.  For 
minerals  whose  2E  is  greater  than  80°,  a  method  described  by 
Michel  LiSvyf  for  determining  .whether  the  section  is  perpen- 
dicular to  the  obtuse  or  the  acute  bisectrix  can  be  used  to 
advantage.  It  consists  in  observing  the  angle  of  revolution  of 
the  stage  from  the  position  where  tlie  black  achromatic  curves 
of  the  interference  figure  form  a  cross  to  that  at  which  they  are 
tangent  to  a  given  circle  (usually  field  of  the  microscope). 
From  this  angle  2E  can  be  determined,  and  from  it  in  turn 
the  true  optic  axial  angle  (2V),  if  the  medium  index  of  refrac- 
tion of  the  substance  be  known. 

It  can  be  proved  both  mathematically  and  graphically  that 
the  dark  achromatic  hyperbolas,  which  form  during  the  revolu- 
tion of  the  stage,  pass  through  the  traces  of  the  optic  axes  and 
recede  from  tlie  field  along  the  diagonals  of  the  principal 

E lanes  of  the  nicols.  Practically,  the  course  of  procedure  is  to 
nd  a  plate  cut  perpendicular  to  the  bisectrix,  to  record  the 
angle  ot  revolution  of  the  stage  from  the  point  where  the  dark 
hyperbolas  intersect  to  that  at  which  they  are  tangent  to  a  given 
circle  within  the  field  of  vision.  From  this  angle  the  corre- 
sponding axial  angle  in  air  can  be  obtained  by  using  fig.  la, 
providea  the  Mallard  constant  of  the  microscope  has  been  pre- 
viously determined.  If  the  medium  refractive  index  of  the 
mineral  is  also  given,  it  is  possible  to  convert  2E  into  2V  by 
means  of  fig.  lb. 

*  E.  Bertrand  in  Mallard,  Miner,  physique,  11,  418.     E.  Mallard,  Sur  la 
mesnre  de  Tangle  des  axes  optiqaes.    Bull.  Soc.  miner.,  1882,  page  77  et  seq. 
f  Michel  Levy,  Min^raux  des  Roches,  94-95. 


Wright — Oj>tkal  Character  of  Birefracting  MiMrah. 
Fio.  I. 


288      W^'ighi — Optical  Character  of  Birefractlng  MineraU. 

Bertr and' Mallard  method  for  measuring  the  optic  axial  angle 
(2E)  under  the  microscope.  Mallard  has  shown  that  the  distance 
of  the  trace  of  an  optic  axis  from  the  center  of  the  interference 
figure  is  proportional  to  the  sine  of  the  angle  which  the  optic 
axis  makes  with  the  axis  of  the  microscope;  that,  if  the  distance 
D  be  measured  by  means  of  a  micrometer  ocular,  the  angle  E 
can  be  figured  from  the  formula 


sin  E  = 


I) 
K 


in  which  K  is  the  constant  of  the  microscope  to  be  determined 
once  for  all  on  a  substance  whose  2E  is  known.  ]^\  drawing  a 
circle  of  radius  K  in  fig.  la  (once  for  all),  the  angle  K  corre- 
sponding to  any  number  of  divisions  of  the  micrometer  ocular  is 
then  the  angle  in  the  figure  included  between  its  base  and  the 
radius  ])assing  through  the  intersection  of  the  arc  K  with  the 
horizontal  line  at  the  distance  D  from  the  base  line.  To  convert 
2E  into  2V  use  fig.  la,  which  was  derived  from  the  formula 

.    -^      sin  E 
sm  V  = 


n 


m 


n^  being  the  medium  refractive  index  of  the  substance.  The 
angle  2V  is  then  the  angle  on  the  degree  circle  included  between 
the  base  line  and  the  horizontal  line  which  passes  through  the 
intersection  of  the  radius  E  and  the  given  refractive  index  arc. 

Michel  Z,evt/  method.  iMichel  Levy  has  developed  a  formula 
from  which  approximate  values  of  the  axial  angle  2E  can  be  cal- 
culated, provided  the  index  of  refraction  of  the  objective  lens 
in  which  the  interference  fiijure  is  observed  be  known.  As  this, 
however,  is  not  generally  the  case,  a  modification  of  the  formula 
by  introducing  Mallard's  constant  in  place  of  the  refractive  index 
is  better  suited  to  actual  practice. 

Fig.  2. 
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In  fig.  2*  let  the  plane  of  the  paper  represent  the  section  per- 
pendicular to  the  bisector  of  the  acute  optic  axial  angle  and  the 
figure  itself  the  achromatic  lines  observed  in  convergent  polar- 

*  Compare  Preston,  Theory  of  Light,  3d  ed.,  pp.  400-401. 
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ized  light ;  A,  A,,  the  projection  of  the  optic  axes,  and  P  that  of 
any  ray  in  the  achromatic  hyperbola.  Fresnel's  law  states  that 
the  planes  of  polarization  of  rays  traveling  in  any  direction  P 
are  the  bisectors  of  the  angles  between  the  planes  A,P  and  A,P. 
For  small  angles  of  incidence,  the  traces  of  the  planes  of  polari- 
zation of  the  rays  will  approximately  coincide  with  the  bisectors 
of  the  angle  A^PA,.  Since  P  is  a  point  of  the  achromatic  curve, 
the  bisector  of  the  angle  A^PA,  must  be  parallel  to  one  of  the 
principal  planes  of  the  nicols.  The  triangle  FPA,  is  then  isos- 
celes, and  the  triangles  PFD  and  PDA,  are  similar.     Therefore 

x.-x  ^x^^^   ^^  (1) 

xy  =  x^y^  (2) 

the  equation  of  an  equilateral  hyperbola.  In  order  that  this 
curve  be  tangent  to  a  circle,  its  tangent  must  be  perpendicular  to 
the  radius  the  equation  for  which  is 

dx 

By  substituting  the  value  of     '    from  (2),  (3)  becomes 

ax 

x  =  y  (4) 

which  shows  that  the  hyperbolic  curves  are  tangent  to  the  circles 
along  the  diagonals  of  the  nicols.     For  these  points  (2)  reads 

x'  =  x^y^  (5) 

Transforming  (5)  to  polar  coordinates,  we  find 

p'  =  r'  sin  2<^  (6) 

From  Mallard's  method  above,  it  is  evident  that 

r  =  K  sin  E 
and  p  =  K  sin  O 

1  herefore,  sin  li.  =  —-,=r-. 

Vlin  2<^  (V) 

where  sine  O  is  the  constant  of  the  circle  used  and  to  be  deter- 
mined once  for  all  by  the  Mallard  method.  For  any  given  angle 
of  revolution  (<^)  the  corresponding  P]  can  be  found  by  finding 
in  fig.  lb  the  intersection  of  the  horizontal  line  at  the  distance 
sine  O  from  the  base  line  with  that  arc  which  corresponds  to  the 
angle  <^.  2E  can  then  be  reduced  to  2V  by  fig.  la,  if  the  medium 
index  of  refraction  be  known. 

Owing  to  the  width  of  the  achromatic  curves,  the  results 
attained  by  this  method  are  only  approximate  but  of  sufficient 
accuracy  to  be  useful  in  many  instances.  The  angles  ^  can  also 
be  figured  for  sections  not  exactly  perpendicular  to  the  bisectrix  ; 
they  possess,  however,  only  slight  practical  value. 
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The  mathematical  formula  above  is  only  an  approximate  one, 
while  a  graphic  method  can  be  applied  which  is  theoretically 
correct  and  by  which  more  accurate  results  can  be  obtained. 
The  method  has  been  used  by  Michel  Levy,  Viola,*  von  Fedorow 
and  others  in  their  feldspar  studies  and  is  well  adapted  for 
general  use  in  the  study  of  optical  phenomena. 

The  lines  along  which  any  face  will  extinguish  can  be  found 
by  passing  planes  through  the  normal  to  the  face  and  the  optic- 
axes  respectively,  and  bisecting  the  traces  of  these  planes  on  the 
face.  In  order  to  do  this  readily,  a  stereographic  projection  of 
the  optic  axes  in  any  desired  position  should  first  be  made.  By  a 
revolution  about  each  of  two  horizontal  axes  in  the  principal 
planes  in  the  nicols,  any  face  normal  can  be  brought  to  coincide 
with  the  pole  of  the  projection  and  the  face  with  that  of  the 
paper.  The  bisectors  of  the  angles  between  the  straight  lines 
drawn  through  the  pole  of  the  projection  and  the  optic  axes  in 
their  new  positions  are  then  the  desired  directions.  The  achro- 
matic black  hyperbolas  of  the  interference  figure  correspond  to 
those  face-normals  whose  extinction  linefe  are  parallel  to  the  axes 
of  revolution  of  the  projection.  In  the  projection  the  achro- 
matic lines,  however,  do  not  appear  as  they  do  when  observed 
under  the  microscope,  for  its  interference  figure  can  be  considered 
with  slight  error  as  an  orthographic  projection  of  -the  rays  on  a 
sphere,  as  shown  by  Mallard's  formula  above.  The  curves  of 
the    stereographic    projection    must    therefore   be   replotted   by 

E 

making  the  polar  distance  sine  E  instead  of  tan  -     as  it  is  in  the 

it 

stereographic  projection.  The  general  aspect  of  the  curves  is 
not  changed  by  this  transformation.  The  graphic  method  has 
been  applied  to  the  methods  below  with  satisfactory  results. 
(Figs.  4  and  6.) 

The  interference  figure  from  the  section  perpendicular  to 
the  obtuse  bisectrix  differs  from  the  above  only  in  the  wider 
optic  axial  angle,  wliich  can  be  measured  by  the  same  methods. 

Plate  perpendiculav  to  an  optic  axis. 

The  interference  figure  obtained  from  this  plate  consists 
ordinarily  of  a  black  achromatic  bar  which  revolves  in  a 
direction  opposite  to  that  of  the  sta^e.  In  general  the  bar  is 
a  straight  line  only  when  it  is  parallel  to  the  planes  of  polari- 
zation of  the  nicols ;  in  the  intermediate  positions  it  is  more  or 
less  convex,  depending  on  the  angle  between  the  optic  axes. 
If  2E,  however  is  equal  to  90°,  the  curve  is  a  straight  line  in 
all  positions  for  the  usual  microscopic  field  of  vision. 

*  Michel  L^vy,  Sur  la  determination  des  feldspaths,  1894,  pp.  15-20.  C. 
Viola,  Zeitschr.  fOr  Kryst.,  xxx,  282,  xxxi,  484,  xxxii,  805.  E.  von  Fedorow, 
ZeitBchr.  fQr  Kryst.,  xxxi,  579,  xxxii,  246. 
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An  exaiiiinatiou  of  the  curves  for  the  several  optic  axial 
angles,  figs.  3  and  4,  indicates  clearly  that  the  convex  side  of 
the  bar  in  the  diagonal  position  points  toward  the  acnte  bisec- 
trix. The  determination  of  the  optical  character  is  effected 
then  most  readily  by  means  of  the  red  of  the  first  order  plate. 
If  the  achromatic  bar  of  the  interference  figure  be  ]>laced  in 
the  position  of  fig.  3  with  the  convex  side  of  the  hyperbola 
pointing  to  the  northeast  and  the  arrow  of  the  plate  (direction 
of  least  ellipsoidal  axis)  also  in  the  same  direction,  the  convex 
side  of  the  curve  will  show  a  blue  interference  color  if  the 
mineral  is  optically  negative ;  the  blue  spot  will  be  on  the  con- 
cave side  of  the  curve  if  it  is  optically  ])ositive. 

This  method  can  always  be  applied  if  the  convexity  of  the 
curve  can  be  discerned.  In  certain  plagioclase  feldspars,  the 
limiting  case  of  2V  =  90°  is  encountered  occasionally  and  there 
the  bar  is  in  fact  a  straight  line.  For  most  of  the  feldspars, 
however,  the  curvature  is  sufficiently  marked  to  enable  a  deter- 
mination of  their  optical  character.  The  result  can  be  checked 
by  extinction  angles  of  the  section  and  adjacent  twinning 
lamelhi3  after  the  method  of  Michel  Lew. 

The  approximate  formula  for  the  achromatic  curves  from  this 
plate  can  be  derived  from  a  discussion  of  fig.  5,  which  is  based  on 
assumptions  similar  to  those  obtaining  for  the  curves  of  the  plate 
perpendicular  lo  the  acute  bisectrix. 


The  similar  triangles  A, PC  and  A.^FE  give  at  once  the  relations 


X ^^v^  ~  2a? 


(1) 
(2) 
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the  equation  of  an  equilateral  hyperbola  passing  through  the 
zero  coordinate  point  with  asymptotes  parallel  to  the  X  and  Y 
axes.  For  the  special  case  under  consideration  where  a,  =  y^,  the 
formula  becomes 

_      1 
'^■"1_2  (3) 

X       x^ 

From  (3)  the  curves  of  fig.  3  were  plotted  in  gnomonic  pro- 
jection. 

For  a*,  =  »  ,  equation  3  becomes 

x  =  y 

the  equation  of  a  straight  line  passing  through  the  zero  point  at 
an  angle  of  45°  with  the  coordinate  axes.  If  the  formula  of 
Mallard  were  exact,  cc,  could  not  assume  a  value  greater  than  1 
(sine  90°) ;  since  it  is  approximately  correct  only  for  small  angles, 
the  above  remark  does  not  obtain.  The  gnomonic  projectiim 
was,  therefore  used  in  fig.  3  instead  of  the  orthographic. 

In  such  limiting  cases  the  graphic  method  gives  more  satisfac- 
tory results  and  is  in  general  better  suited  to  the  study  of  optical 
phenomena.  In  ^q,  4,  the  stereographic  plat  with  curves  for 
optic  axial  angles  0°,  15°,  45°,  75°,  and  90°  is  given.  Their 
course  in  the  vicinity  of  the  pole  of  the  projection  only  is  repre- 
sented since  it  corresponds  to  that  portion  which  is  seen  under 
the  microscope. 

Plate  parallel  to  the  plane  of  the  optic  axes.^ 

In  the  uniaxial  minerals  this  plate  corresponds  to  any  section 
in  the  prism  zone. 

The  interference  figure  from  the  section  can  be  recognized 
by  the  fact  that  in  the  position  of  darkness  tiie  entire  field  is 
practically  dark  and  tliat  a  small  revolution  of  the  stage  (5°) 
will  cause  the  faint  hyperbola  to  recede  entirely  from  the  field 
of  vision.  In  the  diagonal  position  the  colored  interference 
curves  have  the  form  of  hyperbolas. 

Since  ordinary  approximate  methods  of  calculation  do  not 
apply  to  this  section,  the  graphic  method  with  the  stereographic 
projection  plat  as  base  was  adopted.  The  result,  as  depicted 
by  the  curves  of  tig.  6,  shows  that  the  recession  of  the  dark 
achromatic  lines  for  the  optic  axial  angles  2V=0°,  10°,  80°, 
and  90°  after  a  revolution  of  1°  of  the  stage  is  very  marked, 
and  that,  except  in  the  limiting  case  of  2V  =  90°,  the  dark 
hyperbolas  pass  out  of  the  field  most  slowly  in  the  direction  of 
the  acute  bisectrix.  For  2V=90°  the  hyperbolas  in  all  quad 
rants  recede  from  the  center  with  equal  rapidity.     In  fig.  6 

*  Compare  F.  E.  Wright,  this  Journal,  xvii,  887-891. 
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the  lines  between  the  outer  and  inner  circles  represent  the 
actual  position  of  the  bisectrices  and  optic  axes  under  the 
conditions  stated. 

Owing  to  the  fact  that  for  this  section  the  angles  of  extinc- 
tion are  very  low  for  all  rays  whose  angle  of  incidence  is  small, 
tlie  intensity  of  the  rays  adjacent  to  those  of  the  achromatic 
curve  is  also  low,  since  it  varies  with  the  square  of  the  sine  of 

Fig.  «. 


the  angle  p  between  the  planes  of  polarization  of  the  nicols  and 
that  of  the  section  according  to  the  formula 

1  =  sin'  2  p  sin'  -  (o— e) 

The  black  curves  are  therefore  indistinct  and  require  careful 
scrutiny  to  be  observed  at  all. 

The  colored  hyperbolic  interference  curves  which  appear  in 
the  interference  figure  most  sharply  in  the  diagonal  position  of 
the  section  can  also  be  used  to  locate  the  direction  of  the  acute 
bisectrix.  It  can  be  proved  in  several  different  ways  that  the 
acute  bisectrix  is  generally  direction  of  less  birefringence  than 
the  obtuse  bisectrix.  The  birefringence  of  any  section  can 
be  figured  approximately  by  the  formula 

y'— a'=(y— a)  sin  B^  sin  B^ 

where  7'  and  a  denote  the  maximum  and  minimum  refractive 
indices  of  the  given  section,  7  and  a  those  of  the  mineral.  6^ 
and  6^  the  angles  between  the  normal  to  the  section  and  the 
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optic  axes  respectively.  The  formula  indicates  clearly  that, 
except  in  the  linniting  case  of  2V=90°,  the  birefringence  for 
sections  in  the  alternate  quadrants  containing  the  acute  bisec- 
trix is  less  than  that  for  corresponding  sections  in  the  two 
remaining  quadrants.  The  rule  resulting  from  this  fact  is  that 
the  interference  colors  for  points  in  the  quadrants  containing 
the  acute  bisectrix  are  lower  than  those  for  corresponding 
points  in  the  direction  of  the  obtuse  bisectrix. 

After  the  direction  of  the  acute  bisectrix  has  been  found  by 
one  of  the  above  methods,  its  value  (c  or  a)  can  be  readily 
ascertained  by  ordinary  methods  either  in  parallel  or  conver- 
gent polarized  light. 

Suminary, 

In  the  practical  determination  of  minerals  under  the  micro- 
scope advantage  is  taken  chiefly  of  those  properties  which  are 
definite  in  character  and  which  can  be  readily  ascertained.  Of 
these  the  optical  character  is  one  of  the  most  useful  since  it 
applies  to  all  birefracting  minerals  and  can  be  determined  in 
convergent  polarized  light  on  plates  cut  along  one  of  several 
diflEerent  directions : 

1.  On  plates  perpendicular  to  the  acute  bisectrix,  by  observ- 
ing the  direction  of  movement  of  the  curves  of  the  interfer- 
ence figure  on  the  insertion  of  a  quartz  wedge,  mica  plate,  or 
plate  showing  the  interference  color  red  of  the  first  order.  If 
the  loci  of  the  optic  axes  lie  outside  of  the  field,  determine 
whether  the  plate  is  perpendicular  to  the  obtuse  or  acute  bisec- 
trix by  measuring  the  optic  axial  angle  in  air  by  the  modifica- 
tion of  the  Michel  Levy  method  described  on  page  288.  The 
reduction  of  the  observed  optic  axial  angle  to  that  in  the  crys- 
tal can  be  accomplished  only  when  the  medium  refractive  index 
of  the  substance  is  known  and  then  easily  by  fig.  1. 

2.  On  a  plate  perpendicular  to  an  optic  axis  by  noting  that, 
when  the  black  achromatic  bar  lies  in  a  position  diagonal  to 
that  of  the  principal  planes  of  the  nicols,  its  convex  side  points 
toward  the  acute  bisectrix  and  that  on  the  insertion  of  a  plate 
showing  the  interference  color  red  of  the  first  order,  the  con- 
vex side  will  be  colored  blue  if  the  arrow  {n)  of  the  inserted 
plate  lies  in  the  plane  of  the  optic  axes  and  the  mineral  is 
optically  negative ;  if  the  blue  spot  lies  on  the  concave  side  of 
the  bar  and  the  arrow  of  the  plate  still  lies  in  the  plane  of  the 
optic  axes,  the  mineral  is  optically  positive.  This  method  is 
applicable  whenever  the  curvature  of  the  achromatic  bar  can 
be  observed.  The  section  is  moreover  easy  to  find  because  in 
parallel  polarized  light  with  nicols  crossed  it  remains  nearly 
dark  for  all  positions  of  the  stage. 
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3.  On  a  plate  parallel  to  the  plane  of  the  optic  axes  the  direc- 
tion of  the  acute  bisectrix  can  be  located  by  two  different 
methods : 

a.  Revolve  mineral  from  the  position  of  darkness  tlirough  a 
small  angle  and  note  that  the  direction  in  which  the  faint  dark 
hyperbolas  recede  from  the  field  is  that  of  the  acute  bisectrix. 
1).  In  the  diagonal  position  of  the  interference  figure  observe 
the  interference  colors  of  corresponding  points  in  adjacent 
quadrants  and  note  that  the  points  in  the  direction  of  the  acute 
bisectrix  show  the  lower  interference  colors.  In  both  cases 
the  value  of  the  acute  bisectrix  (c  or  a)  can  be  determined 
either  in  convergent  or  parallel  polarized  light  by  the  usual 
methods  and  thus  the  optical  character  of  the  mineral  be  ascer- 
tained. 

U.  S.  Geological  Survey,  Washington. 
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Art.  XXXII. — O71  Groups  of  Efficient  Ifuclei  in  Dust-Free 

Air  ;  by  C.  IJakus. 


1.  Dustfree  Air. — By  this  term  I  refer  to  atmospheric  air 
filtered  witli  extreme  slowness  (through  large  wide  filter  of 
packed  cotton)  and  thereafter  left  without  interference  for 
two  or  more  hours.  Such  air  shows  a  hi^h  fog  limit.  In  the 
fog  chamber  used  the  coronal  condensation  begins  at  a  pressure 
difference  of  about  ip  =  26  cm.,  rain-like  condensation  at 
hp  =  21  cm. 

In  the  present  experiments  all  tests  are  made  at  ip  =  41'5  cm., 
at  a  pressure  difference  therefore  much  above  the  fog  limit, 
and  probably  approaching  the  condensing  power  of  the  appa- 
ratus. The  number  of  nuclei  computed  from  the  coronas 
observed  is  an  approximation  merely,  as  the  constants  needed 
for  the  very  large  range  of  variation  in  question  are  not  avail- 
able. Nevertheless,  if  the  same  hp  is  used  throughout,  the 
nucleations  obtained  are  immediately  comparable.  With  these 
reservations*  the  number  of  nuclei  founcf  in  the  dust-free  air 
and  at  the  ip  in  question  is  about  380  X  10'  to  400  X  10'  per 
cm'.  It  is  obvious,  more- 
over, that  these  nuclei 
are  excessi  vcly  small, 
much  smaller  than  ions, 
smaller  even  than  those 
which  would  respond  to 
smaller  exhaustions, 
exceeding   ip  =  20    cm. 

In  figure  1  I  have 
given  an  example  of  these 
relations.  Between 
hp  =  21  and  26  (for  this 
apparatus)  condensation  probably  takes  place  largely  on  ions, 
above  that  on  the  nuclei  of  dust-free  air.  The  upper  dotted 
line  shows  the  limit  of  value  found,  the  latter  being  variable 
because  (as  will  appear  more  clearly  below)  the  ionization  of 
atmospheric  air  is  essentially  variable.  Though  relatively 
small  in  num.ber,  the  ions  from  their  larger  size  probably  cap- 
ture much  of  the  moisture. 

2.  Effect  of  liadiuin, — Now  let  the  fog-chamber  (fig.  3)  be 
subjected  to  the  radiations  from  weak  radium  (10,000  X, 
10  mg.)  contained  in  a  thin  hermetically  sealed  aluminum 
tube.     As  the  walls  of  the  fog-chamber  are  '3  cm.  thick  and 

*  The  nuclei  are  sapposed  to  be  removed  by  exhaustion ,  faster  than  they 
can  be  restored,  either  by  radiation  or  by  the  molecnlar  mechanism. 
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the  end  (bottom)  toward  the  tube  nearly  1  em.  tliick,  7-rays 
only  will  penetrate  into  the  inside  apart  from  the  secondary 
radiation  there  produced.  In  figure  3  7^  is  the  cylindrical  fog- 
chamber,  li  tlie  radium  tube  at  an  axial  distance  D  from  the 
nearer  end.  In  addition  to  this  the  radium  was  also  tested  at 
T  (top)  in  the  figure,  where  it  is  nearest  the  body  of  dust-free 
air  under  experiment. 

Within  the  fog-chamber  the  coronas  are  everywhere  normal 
and  of  the  same  size,  in  spite  of  the  axial  length  of  45  cm. 
available.  This  is  a  singular  result  when  contrasted  with  the 
marked  positional  effect  observed  for  the  case  of  radium  placed 
at  the  different  distances  D  outside  of  the  chamber.  The 
data  investigated  are  shown  in  the  curve  (fig.  2),  where  the 
abscissas  are  the  distances  D  and  the  ordinates  the  number  of 
efficieyit  nuclei  per  cm'. 
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It  follows  from  the  graph  that  as  the  radium  is  brought  in 
an  axial  direction  from  00  to  the  end  of  the  fog-chamber,  the 
number  of  eflScient  nuclei  in  the  dust-free  air  contained  is 
gradually  but  enormously  reduced  to  a  minimum  for  2)  =  25  cm. 
(about),  after  which  the  number  again  increases  to  the  maxi- 
mum at  i>  =  0.  Curiously  enough,  if  the  radium  is  further 
approached  to  the  body  of  the  air  by  being  placed  at  T,  the 
number  of  nuclei  does  not  increase ;  in  some  observations  it 
even  diminishes. 

If  the  radium  is  enclosed  in  a  long  thick  lead  tube  (60  cm.  long, 
walls  '5  cm.  thick),  the  nucleation  is  but  moderately  reduced 
(see  fig.  2,  crosses),  showing  that  7-ray8  are  in  question. 

4.  Cause  of  the  inininium, — This  is  easily  explained  since 
the  ions  are  relatively  large  bodies  and  relatively  few  in  num- 
ber as  conipared  with  the  nuclei  of  dust-free  air  for  the  same 
ip.  Hence  tiie  ions  virtually  capture  the  moisture  more  and 
more  fully  as  their  number,  with  diminishing  distance  2>, 
becomes  greater.     At  />  =  25  cm.  probably  the  whole  of  the 


Barns — Groups  of  Efficient  Nuclei  in  Dust-Free  Air,     299 

moisture  is  condensed  on  ions,  and  as  their  number  increases 
as  D  vanishes,  the  minimum  in  question  results. 

In  fact  it  was  shown  elsewhere,  that  below  the  fog-limit  of 
air,  the  nucleation  observed  and  due  purely  to  radium  at  differ- 
ent distances  D^  is  for  example  (hp  =  22) 
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agreeing  in  character  as  far  as  may  be  expected  with  the  data 
here  in  question.  These  data  multiplied  by  4,  i.  e.,  4  7i  X  10""'',  are 
also  given  in  iigure  2  for  comparison.  Ilence  the  ions  caught 
at  hp  =^  41*5  are  about  four  times  more  numerous  than  at 
hp  =  22,  and  correspondingly  smaller.  They  are,  therefore, 
markedly  graded,  but  nevertheless,  as  a  group,  throughout 
much  smaller  than  the  nuclei  of  dust-free  air  so  long  as  the 
radiant  iield  is  appreciable.  Whether  the  latter  are  agglomer- 
ated under  the  influence  of  radiation  to  make  the  ions  (as 
would  seem  more  probable),  or  whether  the  ions  are  made  from 
the  molecules  themselves  so  that  the  ions  and  the  nuclei  of 
dust-free  air  are  present  together,  is  a  question  beyond  the 
scope  of  the  method.  While  the  number  of  nuclei  continually 
grows  smaller,  with  diminishing  /?,  the  efficient  or  capturiiig 
nuclei  may  nevertheless  increase  again  below  a  certain  Z/, 
seeing  that  the  nuclei  in  dust-free  air  are  enormously  in  excess, 
only  a  few  of  which  are  caught  even  in  the  absence.of  radium. 

4.  Cause  of  the  maximum, — It  is  more  difficult  to  account 
for  the  result  thai  the  same  nucleation  is  observed  wherever 
the  radium  touches  the  elongated  fog-chamber.  In  other 
Avords,  radium  at  the  end  of  the  chamber  produces  at  least  the 
same  nucleation  as  when  at  the  top,  although  the  distances 
from  the  center  of  mass  of  the  glass  are  as  3  to  1.  The  same 
kind  of  explanation  already  given  in  §  3  may  possibly  hold. 
The  radium  tube  when  placed  on  the  top  {Tm  figure  3)  and  in 
contact  with  thinner  glass,  may  act  with  sufficient  intensity  to 
admit  of  the  formation  in  turn  of  a  group  of  nuclei  larger  than 
ions.  This  is  what  actually  occurs  in  the  case  of  X-rays.  But 
it  is  more  probably  connected  with  the  uniform  distribution  of 
nuclei  within  the  chamber  (§  1)  and  in  some  way  referable  to 
secondary  radiation  evoked  within  the  chamber.  Secondary 
radiators  added  on  the  outside  are  quite  without  effect. 

5.  General  Conclusion, — The  occurrence  of  a  continuous 
succession  of  groups  or  gradations  of  nuclei  in  the  curve  of 
figure  2,  each  of  which  groups  constitutes  a  condition  of  chem- 
ical equilibrium  for  the  given  radiating  environment,  is  sugges- 
tive. In  the  first  place,  it  may  be  recalled  that  the  nuclei  of 
dust-free  air  are  an  essential  part  of  this  body  as  much  as  the 
molecules  themselves.     Such  nuclei  if  withdrawn  by  precipi- 
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tation  are  at  once  restored.  Again  air  left  witlioiit  interference 
for  davs  sho\v8  a  maximum  of  this  nucleation  for  the  ffiven 
conditions  of  exhaustion  when  all  foreign  nucleation  must  hav^e 
vanished.  Indeed  the  molecules  themselves  may  be  treated  as 
a  continuous  part  of  the  nucleation  in  question,  the  frequency 
of  occurrence  being  a  maximum  for  the  molecular  dimensions. 

Furthermore  in  the  presence  of  radium  the  character  of  the 
phenomenon  is  the  same,  only  the  nuclei  are  larger.  If  with- 
drawn by  precipitation,  they  are  at  once  restored.  They  are 
an  essential  part  of  the  air  in  the  new  environment. 

It  is  natural  to  compare  the  particular  nuclear  status  intro- 
duced in  the  latter  ca.se  by  a  particular  kind  of  radiation  (7 
rays),  with  tiie  former  case  of  dust-free  air  in  the  absence  of 
recot^nized  radiation.  In  other  words,  quite  apart  from  the 
details  of  the  mechanism,  chemical  agglomeration  might  be 
considered  refemble  to  an  unknown  radiant  field,  but  be  other- 
wise essentially  alike  in  kind  to  the  much  coarser  nucleations 
observed  in  the  known  radiant  fields  of  the  above  experiments. 
But  the  effect  of  radium,  however  distant,  is  alwavs  virtuallv 
an  increase  of  the  size  of  the  air  nuclei  and  a  decrease  of  their 
number.  Hence  if  we  were  to  fancy  that  the  nucleation  (not 
the  ions,  of  course)  of  non-energized  dust-free  air  responds  to 
its  own  radiant  environment,  this  radiation  would  have  to  be 
special  in  kind. 

Keturning  to  the  case  of  the  gamma  rays,  fig.  2,  (or  of  the 
X-rays  coming  from  a  distance,)  let  me  recall  that  the  efiFective 
radiation  within  the  fog  chamber  is  everywhere  the  same  and 
the  same  in  all  directions.  Hence  whether  the  i-adiation  be 
corpuscular  or  (in  other  cases)  undiilatory,  the  interior  is  noth- 
ing less  than  an  ideal  Lesage  medium ;  and  there  must  there- 
fore be  a  tendency  at  least  to  agglomerate  the  colloidal  nuclei 
of  dust-free  air  into  fleeting  nuclei  or  ions,  so  long  as  the 
radiation  lasts.  When  it  ceases  the  ions  are  free  to  fall  apart, 
so  far  as  external  influence  goes,  as  they  actually  do.  Further- 
more since  the  pressure  so  obtained  would  increase  with  the 
number  of  corpuscles  per  cubic  cm.  and  with  the  square  of 
their  velocity,  it  is  conceivable  that  with  increasing  electrifica- 
tion this  ])ressure  would  become  strong  enough  to  i)ring  about 
permanent  union  of  the  aggregates,  corresponding  to  the 
observed  continuous  transition  of  the  ions  into  persistent 
nuclei,  produced  by  the  X-rays.  Again  a  different  nucleus 
would  presumably  correspond  to  the  bombardment  of  the 
negative  corpuscles  as  compared  with  the  residual  positive 
quantities.  Finally,  if  any  physical  or  chemical  process  like 
combustion  or  ignition  or  electric  charge,  or  the  case  of  phos- 
phorus, etc.  is  accompanied  by  intense  ionization,  one  would 
for  the  same  reason  anticipate  the  presence  of  nuclei  in  such  a 
field. 

Brown  University,  Providence. 
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Art.  XXXIII. — Studies  in  the  Cyperaceoe  ;  by  Theo.  Holm. 
XXIV.  Kew  or  little  known  Carices  from  Northwest 
America.  (With  18  figures,  drawn  from  nature  by  the 
author.) 

With  the  object  of  preparinoj  a  treatise  of  the  genus  Carex 
as  represented  in  the  northwestern  part  of  this  continent  the 
writer  has  examined  several  verv  extensive  collections,  con- 
taining  a  vast  number  of  specimens,  among  which  some  few 
have  been  observed  as  imperfectly  understood  or  as  hitherto 
undescribed.  Inasmuch  as  the  treatment  of  the  genus  in  a 
subsequent  paper  will  be  from  a  geographical  point  of  view, 
we  prefer  to  publish  the  diagnoses  of  the  new  species  sepa- 
rately with  some  remarks  upon  their  affinities. 

These  species  are  : 

Carex  limnma  sp.  n.  (figs.  1-3). 

Uhizome  vertical  with  ascending  shoots  and  light  brown, 
tibrillose  leaf-sheaths ;  leaves  a  little  shorter  than  the  culm, 
narrow,  but  flat,  glaucous,  scabrous  along  the  margins ;  culm 
about  60""  in  height,  erect  or  slightly  curved  above,  very 
slender,  triangular,  scabrous,  phyllopodic ;  spikes  3  to  5,  but 
mostly  4,  the  terminal  staminate  or,  sometimes,  androgynous, 
the  lateral  pistillate,  the  uppermost  contiguous,  the  lowest 
remote,  sessile  to  shortly  peduncled,  erect,  not  very  dense- 
flowered,  cylindric,  about  2^'"  in  length,  subtended  by  sheath- 
less,  foliaceous  bracts,  the  lowest  one  often  exceeding  the 
inflorescence ;  scale  of  staminate  spike  lanceolate,  light  pur- 
plish-brown with  green  midvein ;  scale  of  pistillate  spike  oblong, 
obtuse,  black  with  hyaline  apex  and  greenish  midvein,  shorter 
than  the  perigynium  ;  perigynium  stipitate,  slightly  spreading, 
narrowly  elliptical,  granular,  plano-convex,  prominently  many- 
nerved  on  the  outer  (convex)  face,  three-nerved  on  the  inner, 
pale  green  with  a  black,  entire  and  very  distinct  beak  ;  stig- 
mata 2,  style  long  and  exserted. 

Oregon :  Crater  Lake  National  Park,  Cathedral  spring,  col- 
lected T)y  Mr.  Y,  V.  Coville,  September,  1902  (No.  1456) ;  Four- 
mile  Lake,  Klamath  County,  in  meadows,  and  between  Dia- 
mond and  Crescent  Lakes,  Cascade  Mountains; 

The  graceful  habit  of  this  species  reminds  us  more  of  C, 
rhomhoidea  than  of  C\  indfjaris^  but  when  we,  nevertheless, 
prefer  to  place  it  nearer  C.  mdgaris  it  is  on  account  of  the 
structure  of  the  perigynium,  narrowly  elliptical  and  promi- 
nently many-nerved. 

Am.  Jour.  Sol— Fourth  Series,  Vol.  XX,  No.  118. — October,  1905. 
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Carex  brachypoda  sp.  n.  (figs.  4-6). 

Rhizome  short  with  ascending  shoots  and  persisting,  dark 
brown  leaf -sheaths ;  leaves  shorter  than  the  culm,  relatively 
broad  (about  5°™)  and  flat,  deep  green,  scabrous  along  the 
margins  and  lower  face,  glabrous  above ;  culm  about  35*^"  in 
height,  erect,  stiff,  triangular,  scabrous,  phyllopodic ;  spikes  3 
to  4,  mostly  4,  the  terminal  staminate,  the  lateral  pistillate, 
somewhat  remote,  sessile  or  the  lowest  one  short-peduncled, 
erect,  dense-flowered,  cylindrical,  from  1  to  2*^"  in  length,  sub- 
tended by  sheathless  bracts  with  narrow  blades  much  shorter 
than  the  inflorescence ;  scale  of  staminate  spike  lanceolate,  red- 
dish brown  with  pale  mid  vein ;  scale  of  pistillate  spike  ovate, 
obtuse,  black  with  green,  not  excurrent  midvein,  a  little  shorter 
than  the  perigynium;  perigynium  minutely  etipitate,  erect, 
almost  orbicular,  granular  and  denticulate  along  the  margins 
above,  compressed,  nerveless,  pale  green,  the  minute  beak  dark 
purple  with  the  orifice  entire,  papillose ;  stigmata  2. 

Oregon :  Crater  Lake  National  Park,  Cathedral  spring,  col- 
lected by  Mr.  F.  V.  Coville,  September,  1902  (No.  1455). 

The  aftinity  of  this  species  is.  with  C.  gymnoclada^  but  it 
differs  from  tliis  by  the  perigynium  for  instance,  which  i6  more 
roundish,  denticulate  and  very  shortly  beaked. 

Carex  pachyatoma  sp.  n.  (figs.  7-8). 

Rhizome  caespitose  with  strong  roots  and  persisting,  reddish 
leaf -sheaths ;  leaves  almost  as  long  as  the  culm,  quite  broad 
and  flat  (0*5"^),  glabrous,  light  green ;  culm  from  30  to  56*^™  in 
height,  erect,  somewhat  slender,  triangular,  scabrous,  phyllo- 
podic ;  spikes  4  to  6,  the  terminal  and  uppermost  lateral  stami- 
nate, the  others  pistillate,  remote  or  the  uppermost  contiguous, 
all,  especially  the  lower  ones,  slenderly  peduncled,  erect  or 
spreading,  dense-flowered  except  at  the  base,  from  3  to  5*""  in 
length,  subtended  by  sheathless,  leafy  bracts  about  as  long  as 
the  inflorescence  or  a  little  longer;  scale  of  staminate  spike 
lanceolate,  obtuse,  purplish  brown  with  green  midvein;  scale 
of  pistillate  spike  lanceolate,  mucronate,  deep  purple  with 
broad,  green  midvein,  narrower,  but  longer  than  the  perigy- 
nium ;  perigynium  sessile,  slightly  spreading,  elliptical,  granu- 
lar, compressed,  nerveless,  green  or  purplish-spotted  above,  the 
beak  short  and  thick,  sparingly  denticulate,  the  orifice  very 
narrow,  slightly  emarginate  on  outer  face;  stigmata  2. 

Oregon :  Crater  Lake  National  Park,  Anna  Creek  Canyon, 
near  the  falls  (No.  1362)  and  near  Odell  Lake,  Klamath 
County  (No.  520),  collected  by  Messrs.  Applegate  and  Coville. 

Washington  :  Springy  places,  northern  slope  of  Mt.  Adams, 
and  Falcon  Valley,  W!  Klickitat  Countv  (No.  2959),  by  Mr. 
W.  Suksdorf. 
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The  species  may  be  placed  between  C.  variabilis  and  C. 
lenticularis,  although  it  shows  some  approach  to  C,  acutina^ 
though  merely  in  respect  to  its  habit.  We  have  examined  a 
number  of  specimens  and  are  unable  to  refer  the  plant  to 
either  of  those  mentioned  above. 

Car  ex  Nehraske)i8i8  Dew. 

Habitually  and  in  several  other  respects  this  species  seems 
inseparable  from  the  Microrliynchm^  but  we  have  placed  it*  as 
one  of  the  most  evolute  types  of  tliese  on  account  of  the  biden- 
tate  beak  of  the  perigynium.  It  is  excellently  described  by 
Boottjt  and  well  marked  by  the  strong  stolons  covered  by 
brown  scale-like  leaves,  which  are  never  shining,  by  the  pale, 
glaucous  leaves  and  especially  by  the  perigynium  with  its 
prominent  ribs  and  bidentate  beak.  In  the  extensive  collec- 
tion of  Mr.  Suksdorf  we  found  several  specimens,  which  were 
somewhat  like  this  species,  but  a  careful  examination  of  the 
spikes  convinced  us  that  these  could  not  safely  be  referred  to 
the  species,  nor  ought  they  to  be  considered  as  simply  varieties, 
hence  we  prefer  to  describe  them  as  two  distinct  species :  G. 
eu7*ycarpa  and  C,  oxycarpa. 

Carex  eurycarpa  sp.  n.  (tigs.  9-10). 

Rhizome  stoloniferous  with  persisting,  brown  leaf -sheaths 
and  strong  roots ;  leaves  half  as  long  as  the  culm,  narrow  (3"'™), 
carinate,  light  green,  scabrous  along  the  keel  and  margins ; 
culm  60*=™  in  height,  erect,  slender  but  somewhat  stiff,  scabrous, 
triangular,  phyllopodic ;  spikes  3  to  5,  mostly  5,  the  terminal 
and,  sometimes,  the  uppermost  lateral  staminate,  the  others 
purely  pistillate,  all  remote ;  the  pistillate  short-peduncled, 
erect,  dense-flowered  except  towards  the  base,  until  S''"'  in 
length,  cylindric,  but  relatively  thin,  subtended  by  narrow, 
sheathless  bracts,  about  as  long  as  the  inflorescence ;  scale  of 
staminate  spike  oblong,  obtuse.  Tight  brown  with  pale  midvein 
and  narrow,  hyaline  margins ;  scale  of  pistillate  spike  lanceo- 
late, acute,  blackish  with  pale,  not  excurrent,  midvein,  nar- 
rower, but  about  as  long  as  the  perigynium;  perigynium 
sessile  or  nearly  so,  erect,  roundish,  granular,  slightl}'  plano- 
convex, prominently  many-nerved  on  both  faces,  brownish,  the 
beak  short,  emarginate ;  stigmata  2. 

Washington:  W.  Klickitat  County,  Falcon  Valley, collected 
by  Mr.  W.  Suksdorf,  June,  1886  (Nos.  1284  and  2962). 

Carex  oxycarpa  sp.  n.  (figs.  11-12). 

Rhizome  stoloniferous  with  strong  roots  and  persisting, 
brown  leafnaheaths ;  leaves  a  little  shorter  than  the  culm,  nar- 

*The  author  :  Greges  Caricum.     (This  Journal,  vol.  xvi,  p.  457,  1903.) 
f  111.  gen.  Carex,  vol.  iv,  p.  175  and  plate  592. 
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row  (4"""),  darinate,  light  green,  ^>lcabrolls;  euliri  about  75*^™  in 
height,  erect,  slender,  but  somewhat  stiff,  triangular,  scabrous, 
phyllopodic ;  spikes  4  to  5,  the  terminal  staniinate,  long- 
peduncled,  the  lateral  pistillate,  contiguous,  seldom  remote, 
short-ped uncled,  erect,  dense-flowered,  cylindric,  from  2  to  4"^"* 
in  length,  subtended  by  sheathless,  narrow,  foliaceons  bracts, 
the  lowest  one  exceeding  the  inflorescence ;  scale  of  staniinate 
spike  oblong,  obtuse,  light  reddish-brown  with  pale  midvein ; 
scale  of  pistillate  spike  lanceolate,  acute,  blackish  with  pale, 
not  excurrent  midvein,  narrower,  but  abont  as  long  as  the 
perigyniuin ;  perigynium  sessile,  broadly  elliptical,  granular, 
compressed,  prominently  8-nerved,  brownish,  prominently 
denticulate  along  the  margins  from  near  the  base  to  the  short, 
emarginate  beak ;  stigmata  2. 

Washington :  W.  Klickitat  County,  meadows  near  the  Co- 
lumbia, collected  by  Mr.  W.  Suksdorf,  June,  1886  (No.  816). 

Of  these  C.  eurycarpa  is  a  very  slender  plant  and  much 
more  so  than  any  of  the  numerous  specimens  of  C.  NehrasJcenais^ 
which  we  have  studied.  The  broad  perigynium  with  the  beak 
merely  emarginate  constitutes,  also,  a  good  distinction.  In  the 
other,  C,  oxycarpa^  we  have,  also,  a  plant  of  slender  habit,  but 
the  spikes  are  relatively  heavy,  and  the  perigynium  is  here 
merely  3-nerved  and  with  the  margins  quite  prominently 
denticulate  from  the  base  to  the  emarginate  beak. 

The  aflSnity  of  these  two  species  is  unquestionably  with  C. 
Nehraskensi^i  Dew.,  next  to  which  they  should  be  placed  in 
the  system. 

Carex  campylocarpa  sp.  n.  (figs.  13-15). 

Rhizome  with  short  stolons  and  purplish,  persisting  leaf- 
sheaths  ;  leaves  shorter  than  the  culm,  narrow,  but  flat,  sca- 
brous along  the  margins  and  on  the  lower  face ;  culm  about 
40*^"  in  height,  erect,  stiff,  triangular,  scabrous,  phyllopodic  ; 
spikes  3  to  4,  mostly  3,  the  terminal  staniinate,  the  lateral  pistil- 
late ;  remote,  sessile  or  nearly  so,  erect,  dense-flowered,  short 
cylindric  to  ovoid,  from  \  to  1"^*"  in  length,  subtended  bysheath- 
less,  foliaceons  bracts,  shorter  than  the  inflorescence ;  scale  of 
staniinate  spike  lanceolate,  obtuse,  purplish  brown  with  pale 
midvein  ;  scale  of  pistillate  spike  ovate,  obtuse,  blackish  w-ith 
the  midvein  faintly  visible  and  the  margins  narrow,  hyaline, 
much  shorter  than  the  perigynium ;  perigynium  shortly  stipi- 
tate,  spreading,  elliptical-oblong,  granular  and  prominently 
denticulate  along  the  upper  margins,  turgid,  nerveless,  pale 
green  with  purplish  spots  and  streaks,  the  beak  quite  promi- 
nent, excurved,  the  orifice  entire ;  stigmata  2,  style  not  ex- 
serted. 

Oregon  :  Crater  Lake  National  Park,  Cathedral  spring,  col- 
lected by  Mr.  F.  V.  Coville,  September,  1902  (No.  1457). 
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The  systematic  position  of  this  species  seems  naturally  to  be 
among  the  3licrorhynchai^  but  as  a  deviating  type  on  account 
of  the  excurved  beak  of  the  perigyninm,  and  if  it  were  not  for 
the  distinct  marginal  denticulation  of  the  perigynium  and  its 
slender  shape  the  species  would  resemble  C  scopulorum  to 
some  extent.  A  perigynium  of  this  kind  is  somewhat  unusual 
within  the  representatives  of  the  grex,  but  is,  as  we  remember, 
very  characteristic  of  the  Spirostcickyce  ;  in  these,  however,  the 
beak  is  generally  biiid  ana  more  distinctly  differentiated  from 
the  body.     The  species  may  be  placed  next  to  C.  scopnlorum, 

Carex  cryptochlcena  sp.  n.  (fig.  10). 

Rhizome  caespitose  with  purplish,  i)er8isting  leaf-sheaths ; 
leaves  about  half  as  long  as  the  culm,  broad  (about  1*"")  and 
flat,  glabrous  except  along  the  margins ;  culm  from  70  to  OO*^"* 
in  height,  erect  and  stiff,  triangular,  scabrous  along  the  edges, 
phyllopodic  ;  spikes  from  4  to  7,  the  terminal  and  frequently 
the  uppermost  lateral  staminate,  the  others  pistillate  or  andro- 
gynous, contiguous  or  the  lower  ones  remote,  sessile  or  short- 
peduncled,  erect  or  spreading,  seldom  nodding,  dense-flowered, 
subtended  by  sheathless,  foliaceous,  broad  bracts  of  which  the 
lower  ones  exceed  the  inflorescence ;  scale  of  staminate  spike 
elliptical-oblong,  acute,  light  reddish-brown  with  palemidvein; 
scale  of  pistillate  spike  lanceolate,  sharply  pointed,  deep  pur- 
plish with  broad,  greenish  midvein,  exceeding  the  perigynium  ; 
perigynium  almost  sessile,  erect,  broadly  elliptic  to  roundish, 
nerveless,  pale  green,  granular,  sparingly  denticulate  near  the 
minute,  entire  beak  :  stigmata  2. 

Alaska :  Kussiloff,  on  sands  with  Elymus,  collected  by  Dr. 
Walter  H.  Evans,  July,  1898  (No.  618),  and  Seldovia  near 
mouth  of  Cook  inlet  by  Prof.  C.  V.  Piper,  August,  1904  (Nos. 
4818  and  4819). 

This  species  is  somewhat  remarkable  on  account  of  its  resem- 
blance to  Carex  cryptocarpa^  so  far  as  concerns  the  structure 
of  thespikes,  the  deep-purplish,  lanceolate  scales  and  the  broad 
pale-green  perigynia.  But  it  shows,  on  the  other  hand,  a  strik- 
ing contrast  to  this  species,  C,  enjptocarpa^  not  only  by  the 
almost  sessile  and  mostly  erect  pistillate  spikes,  but  also  by  its 
very  broad  leaves,  the  basal  and  the  bracts.  Habitually  the 
species  does  not  resemble  C.  cryptocarpd^  but,  to  some  extent, 
Drejer's  C,  hcematolepls  or  certain  very  robust  forms  of  C. 
salina  /  it  appears,  however,  to  be  distinct  from  these,  and  as 
a  type  intermediate  between  the  true  SalhuB  and  t\  crypto- 
carpa  Mey. 

Carex  luzulo'folia  W.  Boott  var.  strohllantha  nob.  (fig.  18). 

Taller  and  more  robust  than  the  typical  plant ;  the  spikes 
thick  and  very  compact-flowered  ;  scales  of  staminate  and  pistil- 
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late  spikes  mostly  mucronate ;  perigyniiim  glabrous  through- 
out, faintly  nerved  on  the  inner  face,  nearly  sessile,  roundish 
in  outline  and  terminated  by  a  very  distinct,  bidentate  beak. 

California:  Above  Donner  Pass  in  Placer  County,  in  a 
subalpine  meadow,  where  snow-drifts  lie  late,  and  usually 
near  granite  rocks,  collected  by  Mr.  A.  A.  Heller,  August, 
1903  (No.  7187). 

In  the  specimens  of  this  new  variety  the  rhizome  is  densely 
matted  with  ascending  shoots  and  covered  by  dark,  brownish 
fibers  from  the  old  leaf -sheaths.  The  leaves  are  very  broad, 
but  much  shorter  than  the  culms.  The  heavy,  deep-brown 
spikes  remind  of  small  cones,  hence  the  name  "  atrobilantha^^^ 
and  there  is  quite  a  variation  in  respect  to  their  number,  posi- 
tion and  the  distribution  of  the  sexes.  We  noticed  the  follow- 
ing instances  in  26  specimens : 

2  staminate  and  3  pistillate  spikes  in  14  specimens. 

1  «  ^'3  ''  ''  5  *' 

2  «  '*     4  ''  ^'  2  '^ 

1  <<  ''4          *'  *^  2  '' 

2  ((  *^     2          '^  ^'  1  '' 

3  "  "     3          "  "  1  .    " 
3  "  *'    1  androgynous  "  1  " 

In  some  specimens  the  pistillate  spikes  were  borne  on  very 
long  peduncles  overtopping  the  terminal,  and  several  of  these 
were  observed  to  be  more  or  less  decompound. — The  structure 
of  the  perigynium  is  very  characteristic  and  differs  essentially 
from  that  of  the  typical  plant,  which,  as  described  by  W. 
Boott,*  is:  "oval  to  lanceolate,"  "slenderly  nerved,  slightly 
serrate  gn  the  upper  margins,  longer  and  broader  than  the 
scale."  The  accompanying  figures  of  the  perigynia  show  the 
distinction  very  plainly,  a  distinction,  however,  which  appears 
to  the  writer  as  merely  varietal. 

Brookland,  D.  C,  May,  1905. 

*  S.  Watson  :  Botany  of  California,  vol.  2,  p.  250,  1880. 


FIOUBE  1.     Perigjninnt  and  scale  of  Carex  limnaa. 
"        2.     Perigyniam  of  same,  inner  face, 
"        8.     PerigyDinm  of  same,  outer  face. 
"        4-6.     Perigynlnm  of  Cai'ex  braehf/poda,  outer  face. 
"        7,  8.     Perigyniiim  of  Cara:  pachyiloiiui ,  outer  face. 
"        9.     Perigyniam  and  scale  o(  Cnrej  euiycarpa. 

"  10.     Perigyninin  of  aaine,  enter  face. 

"  11.     Perigyninm  and  scale  of  Carex  orycarpa. 

"  IS.     Perigyniam  of  same,  outer  face. 

"  18.     Pistillate  Bpike  of  Carex  campylocarpa. 

"  14.     Perigyninm  of  same,  side  view. 

"  IS.    Same,  onter  face. 

"  16.     Psrigyniam  of  Cartx  cryplochlarna,  onUn  face. 

"  17.     Perigynium  of  Carex  lutulafolia,  oater  face. 

"  18.     Perigyninm  of  C.  tuxvlrefolia  vsr,  itrobilantha,  inner  face. 

All  flgnres  magni&ed. 
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Art.  Y^^^J^XN .^-Prelhninary  Note  on  some  Overthrust  Faults 
in  Central  New  York ;  by  Philip  F.  Schneider. 

My  attention  was  recently  called  to  two  unrecorded  over- 
thrusts  in  tlie  limestones  of  this  vicinity  by  Mr.  Charles  E. 
Wheelock,  who  discovered  the  same,  and  at  whose  request  this 
preliminary  notice  has  been  prepared.  In  company  with  Mr. 
Vheelock  tlie  writer  recently  visited  the  locality  and  this 
description  is  largely  confirmatory  of  Mr.  Wheelock's  observa- 
tions, which  will  be  given  in  full  in  a  future  paper. 

These  disturbances  in  the  horizontally  stratified  Paleozoic 
rocks  of  central  New  York,  where  for  so  many  years  it  was 
thought  they  could  not  exist  and  where  the  first  annoiuice- 
ments  of  such  occurrences  were  received  with  such  incredulity, 
are  not  yet  sufficiently  common  to  permit  them  to  pass  unre- 
corded. The  faults  are  furthermore  important  because  of  the 
relation  between  them  and  the  well  known  peridotite  intrusives 
and  the  probability  of  the  identity  of  the  causes  producing  the 
same. 

Both  of  the  faults  brought  to  light  by  Mr.  Wheelock  occur 
in  some  thinly  bedded  limestones  which  he  correlates  with  the 
Bertie  dolomite  as  described  by  Clarke  in  his  recent  report  on 
the  formations  in  the  TuUy  Quadrangle,*  or  with  the  lower 
layers  of  the  Waterlime  of  Vanuxem,f  Gedde8,:|:  Schneider,§ 
and  Luther. II 

The  faults  can  be  easily  studied  in  the  gorge  of  Butternut 
Creek,  near  Dunlop's  station,  one  and  one-^piarter  miles  north 
of  Jamesville.  In  the  east  cliflf,  a  few  yards  to  the  south  of  the 
stairs  leading  from  Fiddler's  Green  to  the  gorge  of  the  creek, 
the  thnist  plane  of  the  southernmost  of  the  faults  (Fault  lY. 
Dunlop's)  can  bo  easily  distinguished  as  it  extends  upward 
from  the  base  of  the  cliff  through  its  entire  height,  a  distance 
of  nearly  thirty  feet.  At  this  point  the  cliff  is  comparatively 
free  from  talus.  The  dip  of  the  fault  plane  is  28°  to  the  north- 
east, N.  40°  W.  This  northerly  dip  of  the  thrust  planes  of  both 
of  the  faults  located  bv  Mr.  Wheelock  is  interestinor  inasmuch 
as  thev  seem  to  belonir  to  a  series  of  faults  extendintj  in  an  east 
and  west  direction  across  the  country,  which  hade  to  the  south- 
ward.*^    It  is  furthermore  snrprishig  as  they  occur  about  mid- 

*  Bulletin  8-2,  N.  Y.  Stale  Museum,  1905.  J.  M.  Clarke. 

t  Rept.  8d  Diftt.  N.  Y.  1842. 

JGeol.  Survey  of  Onon.,  Rept.  N.  Y.  State  Aj^ricnltural  Society,  1859. 

5^ Notes  on  Geol.  of  Onondaga  Co.,  N.  Y.  1898. 

I  Econ.  Geol.  of  Onon.,  15th  Ann.  Kept.  N.  Y.  State  Geol.  1895. 

•[[  This  refers  to  tlie  overtlirusts  in  the  ITelderberg  limestone  series  only  and 
not  to  the  slips  and  slides  which  are  so  common  in  or  near  the  gypsum  beds, 
and  which  can  be  explained  by  the  expansion  due  to  the  formation  of  the 
gypsum,  or  to  the  solution  of  the  gypsum  or  salt  immediately  underneath. 
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way  between  Gifford's  and  Russell's  faults,  the  two  disturb- 
ances showing  the  greatest  amount  of  displacement  and  practi- 
cally in  a  straight  line  with  them.  The  layers  have  been 
sharply  bent  along  both  sides  of  the  thrust  plane  and  secondary 
crystals  of  calcite  have  been  formed  in  the  numerous  fractures 
in  and  between  the  layers,  but  not  as  abundantly  as  at  East 
Onondaga  and  Marcellus.  Mr.  Wheelock  believes  the  amount 
of  displacement  is  about  four  feet,  but  it  is  impossible  to  deter- 
mine the  thrust  accurately  because  of  the  marked  similarity  of 
the  layers  of  limestone. 

The  continuation  of  this  fault  may  be  seen  in  the  west  wall 
of  the  gorge,  where  it  is  not  as  easily  accessible  nor  as  readily 
studied  because  of  the  accumulated  material.  The  bending 
and  buckling  of  the  layers  is  even  more  pronounced  here  than 
on  the  east  side  of  the  stream,  although  the  displacement  was 
apparently  less. 

Following  the  direction  of  the  fault  to  the  eastward,  a  cut 
on  the  trolley  line  just  north  of  Dunlop's  station  is  reached, 
showing  some  disturbance  and  a  marked  .anticlinal  fold.  The 
fractured  and  disturbed  condition  of  the  layers  in  the  entire 
cut  and  especially  at  the  fold,  which  is  directly  in  the  line  of 
the  strike  of  the  fault,  makes  it  difficult  to  determine  whether 
the  faulting  has  reached  upward  to  this  point.  The  fracturing 
and  shattering  of  the  layers  resembles  somewhat  that  produced 
in  certain  of  the  layers  overlying  the  gypsum,  and  lends  color 
to  the  belief  that  Fiddler's  Green  marks  the  position  of  the 
gypsum  deposit.  A  study  of  the  gypsum  ledge  to  the  north- 
eastward indicates  that  the  gypsum  occurs  either  just  above  or 
just  below  the  cut  showing  the  shattered  layers,  while  a  com- 
parison of  the  altitudes  of  the  adjoining  gypsum  deposits  shows 
that  it  should  occur  at  the  Fiddler  Green  localitv.  Neverthe- 
less  it  has  not  yet  been  noted  there.  However,  the  gorge  of 
the  creek  lies  below  Fiddler's  Green,  hence  it  is  hardly  possible 
that  the  faults  just  described  can  occur  in  the  Bertie  limestone 
which  is  described  by  Clarke  as  overlying  the  gypsum.  How- 
ever, according  to  Clarke's  map  the  Bertie  occurs  in  the  gorge 
of  the  creek  at  this  point. 

Fault  III,  />?r//foj9'«.--Following  the  gorge  to  the  north- 
ward for  a  hundred  yards  or  more,  the  folding  and  buckling  of 
the  layers  give  evidence  of  another  disturbance.  At  this  point 
the  force  seems  to  have  exerted  itself  mainlv  in  the  bendin^:  of 
the  layers,  and  without  any  large  amount  of  di8j)lacement.  The 
thrust  plane  of  the  fault  is  plainly  visible,  dipping  at  an  angle 
of  23°  to  the  northward.  The  displacement  is  not  more  than 
two  feet.  Fault  III  occurs  in  the  same  formation  as  that 
already  described,  the  Bertie  dolomite  (?)  The  fault  cannot  be 
seen  on  the  west  side  of  the  gorge  because  of  a  change  in  the 
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course  of  the  stream  here,  which  change  in  the  direction  ifi  no 
doubt  due  in  part  at  least  to  the  existence  of  the  fault  right 
here. 

Fault  L  Dunlop*8, — In  making  a  cutting  for  Jamesville 
branch  of  the  Suburban  railroad  about  two  years  ago,  two  some- 
what similar  faults  were  exposed  in  the  calcareous  layers 
occurring  three-eighths  of  a  mile  farther  north.  These  layers 
may  be  continuously  traced  to  the  northeastward  until  they  are 
found  underlying  tiie  gypsum.  They  undoubtedly  correspond 
with  the  limestone  ledge  mentioned  by  Clarke  as  containing 
the  Leperditia  ScalaHs  Jones,  which  occurs  in  the  Camillus 
shale  near  the  base  of  the  Heard  gypsum  quarries.  Inasmuch 
as  there  is  only  a  difference  of  five  feet  in  elevation  between 
the  altitude  of  these  layers  at  faults  I  and  II  and  faults 
III  and  ly  with  practically  horizontal  layers  between  the 
localities,  it  leaves  little  question  but  that  faults  III  and  IV 
occur  in  this  same  Leperditia  Scalaris  limestone  and  not  in 
the  Bertie.  Fault  No.  I  may  be  seen  in  the  first  cut  show- 
ing the  limestone,  which  is  about  160  yards  south  of  the  cross- 
ing of  the  trolley  and  the  Jamesville  and  Orville  turnpike. 
The  thrust  plane  of  the  fault  cuts  these  somewhat  thinly  lami- 
nated layers,  and  dips  at  an  angle  of  35°  to  the  south.  The 
layers  show  little  disturbance  except  at  the  fault  line.  Second- 
ary calcite  crystals  occur  in  the  fractures  of  the  limestone, 
near  the  fault. 

Fault  IL  Dunlop's, — Occurs  in  the  same  formation  and  in 
practically  the  same  layers  twenty  yards  south  of  fault  No.  I. 
The  thrust  plane  dips  south  32°  and  the  layers  are  bent  for 
several  yards  to  the  southward.  The  slickensided  surfaces  are 
well  shown,  also  a  slight  tendency  toward  slaty  fracture.  Cal- 
cite crystals  are  lacking.  The  displacement  is  slight,  probably 
not  more  than  three  feet.  The  lault  maintains  its  character 
throughout  the  entire  height  of  the  cut.  Owing  to  an  accumu- 
lation of  talus  and  the  dense  vegetable  growth  the  faults  have 
not  been  located  on  the  west  side  of  the  stream. 

Other  evidences  of  slight  faulting  are  noticeable  farther 
north  in  this  cut,  also  some  shearing  of  the  layers  with  the  for- 
mation of  calcite  crystals. 

The  overthrusts  now  known  and  described  incentralNew 
York  are — 

(«)  linssell's  Quarry  at  East  Onondaga,  fault  plane  cuts  the 
Manlius,  Lower  Ilelderberg,  Oriskany,  and  Onondaga  forma- 
tions. Displacement  forty-two  feet.  Also  shown  in  Hibbard^s 
and  adjoining  quarries.  Rocks  affected  for  over  a  mile  to  the 
eastward  as  shown  by  the  marked  slaty  cleavage  in  the  finer 
grained  limestones  of  the  Corniferous. 

Luther,  ''  Econ.    Geol.  of  Onon.,"  15th  Ann.  Bept.  N.  Y. 
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State  Geologist,  1895.  Schneider  "  Science  Series,  No.  2.," 
Onon.  Acad.  Science  publication,  1899. 

(J)  Maylie's  Quarry  at  Marcelhis,  cuts  Corniferous  and 
Seneca  layers  of  the  Onondaga.  Displacement,  three  feet 
Shown  in  adjoining  quarries  for  over  one-half  mile  to  west- 
ward.   Thrust  plane  dips  17°  to  N.   See  preceding  references. 

{c)  GiflEord's  Glen,  two  miles  west  of  Manlius.  Cuts  the 
Onondaga  and  Marcellus  groups.  Decidedly  interesting  because 
of  the  remarkable  manner  in  which  the  heavy  layers  of  Onon- 
daga limestone  have  been  arched  and  bent.  Thrust  plane  not 
visible.  Luther  makes  the  elevation  of  the  limestone  sixty  feet, 
but  says  it  is  due  to  bending. 

{d)  Fillmore's  Corners,  one-half  mile  west  of  preceding. 
Cuts  Onondaga  and  Marcellus  g^roups.  Displacement,  fifteen 
feet.  "Geological  Fault  at  ttamesville, "  Schneider.  This 
Journal,  vol.  iii,  1897. 

{e)  Indian  Reservation  Quarries.  Two  faults  cut  Onon- 
daga formation.  Dip  23°  S.  Total  displacement  of  the  sev- 
eral faults  about  six  feet.  Schneider,  "Science  Series  No.  IV," 
Onon.  Acad.  Sci.  1905. 

{f)  Dunlop,  No.  I,  cuts  Scalaris  limestone  in  Camillus  shale. 
Displacement,  three  feet.    Dip,  35°  S. 

ig)  Dunlop,  No  ll,  Scalaris  limestone.  Displacement,  three 
feet.     Dip,  32°  S. 

(A)  Dunlop,  No.  Ill,  cuts  Bertie  dolomite  (?)  Displace- 
ment, two  feet.     Dip,  23°  N. 

(i)  Dunlop,  No.  I V ,  Bertie  dolomite  (?)  Displacement,  four 
feet.     Dip,  28°  N.  E. 

{j)  Heard's  gypsum  quarry.  A  small  overthrust  in  the  Camil- 
lus shale  occurs  here,  apparently  more  deeply  seated  than  the 
displacements  so  common  in  the  gypsum  quarries  due  to  the 
formation  and  subsequent  solution  of  the  gypsum. 

The  writer  also  has  MS.  notes  and  drawings  of  several  small 
faults  occurring  in  the  Camillus  shale  near  the  peridotite  dikes 
which  were  temporarily  exposed  during  the  trenching  of 
that  region  for  city  water. 

At  the  Solvay  quarries  at  Split  Kock  in  the  Manlius  and 
Onondaga  formations  and  in  some  of  the  adjoining  abandoned 
quarries  several  sharp  folds  and  some  slickensided  surfaces 
occur  which  tell  of  lurther  disturbances.  Similar  evidences 
occur  in  Madison  Co.  in  the  vicinity  of  Chittenango  Falls  to 
the  east  of  the  described  localities,  while  to  the  westward  they 
may  be  seen  in  the  same  ledge  about  Auburn  in  Cayuga  CJo. 
Cleland*  mentions  a  fault  in  the  outlet  of  Keuka  Lake,  still  far- 

*  "  A  Study  of  the  Fanna  of  Hamilton  formation  of  the  Cayaga  Lake  sec- 
tion in  central  New  York,"  H.  F.  Cleland,  Bulletin  No.  206,  U.  S.  Geol. 
Survey. 
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ther  west,  but  no  facts  are  given,  while  the  folds  in  the  higher 
formations  are  well  shown  in  long  arch  at  Cayuga  Lake,  and 
similar  undulations  in  strata  at  Seneca.  Distnrhaiices  are  also 
noted  by  Lincoln  in  his  account  of  the  geology  of  Seneca  Co.* 
Inasmuch  as  most  of  the  above  mentioned  disturbances 
occur  in  or  near  the  Helderberg  escarpment,  composed  in  the 
main  of  heavy  limestones  aggregating  several  hundred  feet  in 
thickness,  and  the  persistence  of  the  faults  across  central  New 
York,  it  \vould  seem  that  all  are  the  result  of  some  considerable 
force  capable  of  affecting  this  entire  region.  In  a  general  way 
the  solution  of  the  salt  from  the  Salina  formation  which  imme- 
diately underlies  the  Helderberg  series  has  been  regarded  as  an 
explanation  for  all  the  disturbances  in  this  vicinity.  Mr. 
Wheelock  believes  that  the  solution  of  all  of  the  saline  ingre- 
dients of  the  Salina  rocks  together  with  the  slight  dip  of  rocks 
of  central  New  York  is  a  sufficient  explanation  for  the  fault- 
ing, as  any  settHng  of  the  layers  must  shorten  the  length  of 
the  hypothenuse  of  the  triangle  and  thus  produce  the  force 
which  crumpled  and  fractured  the  rocks.  The  fact  that  the 
softer  shales  sandwiched  between  the  limestone  bands  are  some- 
times bent  and  sheared  while  the  harder  la  vers  are  not  affected, 
and  that  the  larger  throws  all  occur  in  the  more  resistant  layers, 
he  believes  will  favor  his  explanation.  This,  however,  would 
be  true  irrespective  of  the  cause,  provided  of  conrse  that  it 
were  compression.  It  has  also  been  sugge^tedf  that  expansion 
due  to  the  formation  of  gypsum  would  explain  the  faulting. 
While  considering  the  canses  of  the  faults  it  would  be  well  to  keep 
in  mind  that  there  is  a  series  of  widely  knowTi  intrusives  which 
parallel  north  and  south  this  series  of  faults,  and  which  extend 
across  the  state  from  Little  Falls  on  the  east  to  Ithaca  on  the 
west,  and  it  is  not  impossible  that  both  faults  and  dikes  owe 
their  origin  to  the  same  general  disturbance.  The  considera- 
tion of  this  question,  however,  will  be  left  to  another  paper. 

Syracusp,  N.  Y. 

***Geol.  of  Seueca  Co., "  Kept.  N.  Y.  State  Geologist,  1894. 
fE.  H.  Kraus,  verbaUy. 
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Art.  XXXV. — Petrography  of  the  Tucson  Mountains^  Piiaa 
Co,^  Arizona;  by  F.  N.  Guild,  University  of  Arizona. 
(With  Plate  IX.) 

The  Tucson  Range  of  mountains  is  located  directly  west  of 
Tucson  and  is  about  twenty  miles  long  with  an  average  width  of 
about  seven  miles.  It  consists  of  a  series  of  jagged  peaks  extend- 
ing nearly  north  and  south,  the  higher  ones  of  which  are  esti- 
mated to  have  an  altitude  of  40ij0  feet  above  sea  level.  The 
approach  to  the  main  line  of  peaks  is  over  a  series  of  low-lying 
rounded  knolls  devoid  of  all  vegetation  except  a  few  cacti  and 
other  stunted  growths  characteristic  of  an  arid  region. 

Petrographically  quite  a  variety  of  rocks  are  represented 
which  are  almost  entirely  eruptive.  There  occur,  however,  in 
places,  remnants  of  the  original  quartzites  and  limestones 
through  which  this  great  mass  of  lava  has  broken.  On  the 
west  side  of  the  range  and  southwest  of  Tucson  is  an  elevated 
plateau  of  an  area  of  one  hundred  square  miles  or  more,  con- 
sisting entirely  of  these  limestones  and  quartzites.  It  is  quite 
level  and  the  beds  are  exposed  o\\\y  along  its  edges  and  near 
the  center  where  the  uplifted  strata  form  two  small  buttes, 
consisting  almost  entirely  of  crystalline  limestone  tilted  to  an 
angle  of  about  forty-iive  degrees. 

It  is  the  purpose  of  this  paper  to  describe  from  a  petro- 
graphical  standpoint  the  eruptive  rocks  without  discussing  their 
geological  relations.  The  question  of  names  and  classification 
is  not  taken  up,  the  writer  considering  descriptions  of  more 
importance.  With  this  introduction,  they  will  be  described  in 
the  order  of  their  relative  abundance. 

Rhyolite. — The  main  line  of  jagged  peaks  referred  to  above 
is  made  up  of  this  rock,  varying  in  color  from  a  dark  red  to 
nearly  white.  Phenoerysts  are  inconspicuous,  not  very  abun- 
dant and  rarely  exceed  three  millimeters  in  diameter.  They 
consist  of  quartz  and  less  abundant  orthoclase.  Under  the 
microscope,  the  quartz  is  found  to  occur  in  rounded  masses 
corroded  by  the  groundmass  with  fre(iuent  inclusions  of  the 
latter  in  the  form  of  bag-shaped  inlets.  Black  dust-like  inclu- 
sions and  glass  with  gas  bubbles  are  common.  The  feldspar, 
although  nmch  decomposed  and  containing  opaque  inclusions, 
still  shows  the  characteristic  cleavage  of  orthoclase.  The 
groundmass  in  the  darker  varieties  is  too  much  altered  to  show 
any  characteristic  texture.  In  the  southern  ])ortion  of  the 
district,  however,  material  is  sometimes  met  with  of  suiiicient 
freshness  to  admit  of  satisfactory  study,  and  here  it  is  found 
to  have  a  cryptocrystalline  structure.  Specimens  of  it  are 
frequently  found  possessing  faint  flow  lines,  sometimes  vis- 
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ible  to  the  unaided  eye,  but  usually  requiring  a  microscope 
to  be  seen.  (Fig.  1,  Jrlate  IX.)  Occasionally  dark  shredded 
masses  occur  which  may  have  been  originally  mica.  All  vari- 
eties contain  irregular  inclusions  of  varying  size,  sometimes 
two  inches  across,  of  a  red  jasper-like  substance  or  of  sandstone 
or  quartzite.  Frequently  also  rounded  patches  are  met  with 
which  under  the  microscope  are  found  to  be  made  up  of  quartz 
and  feldspar  in  equidimensional  crystals,  which  may  represent 
areas  of  more  complete  crystallization  of  the  groundmass. 

Associated  with  these  more  typical  rhyolites  are  large  masses 
usually  of  a  light  yellow  to  buff  color,  lacking  all  phenocrysts. 
They  correspond  to  rocks  which  have  been  variously  called 
felsite,  felsophyre,  granophyre,  etc.  They  sometimes  break 
with  conchoidal  fracture,  but  are  more  often  too  coarse-grained 
to  show  this  characteristic.  Under  the  microscope,  quartz, 
feldspar  and  sometimes  shreds  of  mica  can  be  seen  in  the 
coarser  varieties.  The  iiner-grained  types  are  made  up  entirely 
of  cryptocrystalline  material  in  which  none  of  the  constituents 
can  be  determined. 

lihyolitic  Tuff. — Associated  w^ith  the  outflow  forming  the 
main  rhyolite  peaks,  there  were  probably  formed  masses  of 
volcanic  ash.  The  greater  portions  of  this  have  been  washed 
away,  but  occasionally  where  geological  conditions  have  been 
favorable  some  of  this  material  has  become  consolidated  into  a 
compact  rock  of  light  gray  color  of  suflScient  strength  to  be 
used  extensively  in  building.  Underlying  Sentinel  Peak  in 
places  there  are  small  masses  of  it  which  have  been  held  in 
place  by  the  basaltic  outflow.  Under  the  microscope  it  is 
found  to  be  made  up  of  fragments  of  quartz,  feldspar,  glass, 
etc.  It  is  interesting  to  note  that  the  quartz  has  the  same 
kind  of  inclusions  as  the  quartz  phenocrysts  in  the  rhyolite 
described  above. 

Andesites. — Several  types  of  this  rock  varying  greatly  in 
appearance  and  texture  occur.  They  may  be  grouped  rather 
roughly  as  follows : 

1.  Light-colored  andesites  containing  phenocrysts  of  mica 
or  hornblende  or  both  and  of  feldspar.  2.  Dark-colored 
andesites  of  non-porpiiyritic  texture.    3.  Vitrophyric  andesites. 

The  first  variety  covers  an  area  only  slightly  less  in  extent 
than  the  rhyolites  and  constitutes  the  material  of  the  low-lying 
knolls  previously  referred  to.  It  has  usually  a  mottled  appear- 
ance not  unlike  that  of  some  granites.  The  feldspar  is  pure 
white  and  the  groundmass  varies  from  white  to  greenish  gray. 
The  chief  variation  is  in  the  black  ferro-magnesian  minerals, 
which  arc  most  often  biotite,  but  in  some  localities  hornblende 
predominates,  while  in  still  others  the  black  phenocrysts  are 
quite  inconspicuous.  Under  the  microscope  the  feldspar  is  clear, 
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usnallv  striated,  and  as  shown  by  the  extinction  angles  on  the 
twinning  plane  appears  to  be  an  acid  plagioclase.  The  biotite 
is  quite  fresli  and  of  the  usual  dark  yellow-brown  color.  Horn- 
blende has  become  darkened  by  alteration  and  is  often  quite 
opaque.  The  groundmass  is  crystalline  and  made  up  mostly 
of  feldspar  with  some  magnetite  and  shreds  of  the  dark 
silicates. 

The  second  variety  is  found  in  the  northern  portion  of 
the  district  near  the  edge  of  the  mountains  about  twelve 
miles  from  Tucson.  It  varies  greatly  in  both  megascopic 
and  microscopic  structure  in  different  parts  of  the  same 
mass.  Its  general  appearance  is  more  like  that  of  a  diabase 
except  in  portions  where  phenocrysts  of  feldspar  appear.  It 
is  very  dark  with  a  slight  green  tinge  weathering  red.  Por- 
phyritic  texture  is  not  conspicuous  and  may  be  megascopically 
absent.  Under  the  microscope,  however,  the  rock  is  found  to 
consist  of  crystals  of  plagioclase,  pyroxene,  and  biotite  in  a 
variable  groundinass.  In  some  portions  the  distinction  between 
groundmass  and  phenocrysts  is  very  marked,  the  groundmass 
being  typically  andesitic,  while  in  other  parts  there  is  com- 
paratively little  difference  in  size  between  the  constituents  of 
the  groundmass  and  the  phenocrysts.  The  pyroxene  is  light 
yellow-green  in  color  with  high  extinction  angle  and  non-pleo- 
chroic  and  rarely  occurs  in  crystals  longer  than  one  millimeter. 
The  plagioclase  phenocrysts  are  usually  somewhat  larger, 
ordinarily  clear  but  sometimes  opaque  from  decomposition. 
The  biotite  appears  in  rather  small  crystals  compared  with  the 
other  phenocrysts  and  is  of  a  light  yellow-brown  color  w^ith 
darker  borders.  In  altered  specimens  the  dark-colored  con- 
stituents have  decomposed  into  yellow  non-pleochroic  masses. 

The  third  variety,  or  vitrophyric  andesite,  is  also  found  in 
the  northern  portion  of  the  district  as  a  low  rounded  ridge  not 
more  than  one  hundred  feet  above  the  surrounding  country. 
It  is  also  a  pyroxene  mica  andesite,  and  is  distinctly  porjjhyr- 
itic,  the  phenocrysts  occupying  fully  one  half  of  the  entire 
mass  of  the  rock.  Black  mica  and  feldspar  are  very  conspicu- 
ous and  occasionally  orthoclase  crystals  eight  millimeters  in 
length  showing  well-formed  Carlsbad  twins  occur.  The 
groundmass  varies  from  a  nearly  black  to  light  gray  transpar- 
ent glass.  Under  the  microscope  the  feldspar  is  found  to  be 
of  plagioclase  and  of  an  unstriated  variety.  It  frequently 
possesses  zonal  structure  and  is  often  much  broken,  appearing 
in  angular  fragments.  The  biotite  is  in  fresh  hexagonal  plates 
and  irregular  shreds.  Pyroxene  is  light  green  and  shows  high 
extinction  angle.  Magnetite  is  present  in  the  usual  quantities. 
The  groundmass  is  isotropic  and  filled  with  what  appear  to  be 
small  fragments  of  the  plienocrysts  and  very  small  crystallites. 
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Fine  flow-lines  and  perlitic  cracks  occur  in  places.  This 
variety  of  andesite  is  very  common  in  southern  Arizona  and 
frequently  possesses  flow-lines  of  remarkable  beauty.  (Fiij^.  2.) 
In  the  upper  part  of  the  andesite  the  groundmass  has  become 
entirely  opaque  through  devitrification. 

Basalt, — Outflows  of  this  rock  occur  at  various  intervals 
along  the  edges  of  the  mountain  range  especially  west  and 
south  of  Tucson.  They  vary  greatly  in  character  and  may  be 
grouped  into  the  following  varieties  : 

1.  Fine-grained  olivine  basalt. 

2.  Porphyritic  basalt. 

a.  Containing  phenocrysts  of  feldspar  and  augite,  in   a 

coarse-grained  or  doleritic  groundmass. 

b.  Containing  porphyritic  crystals  of  feldspar  only  in  a 

basaltic  groundmass. 

c.  Containing  feldspar,  augite  and  olivine  in  an  andesitic 

groundmass. 

3.  'Quartz  basalt. 

One  of  the  most  prominent  of  these  basaltic  outflows  is  one 
mile  west  of  Tucson  in  the  form  of  a  symmetrical  cone-shaped 
mass  called  Sentinel  Peak.  Immediately  northwest  of  this  is 
another  irregular  dome-shaped  mass  of  the  same  rock.  It  is 
further  represented  in  two  promontory-shaped  outflows  south- 
west of  the  San  Xavier  Mission  and  ten  miles  south  of  Tucson. 
These  elevations  are  made  up  chiefly  of  the  fine-grained  type 
of  basalt  in  which  none  of  the  constituents  can  be  recognized 
with  the  naked  eye.  It  is  usually  compact  and  free  from 
cavities,  but  occasionally  is  found  quite  cellular  and  even 
scoriaceous  in  structure.  The  cavities  are  sometimes  nmnded 
in  outline  with  a  diameter  of  one  half  inch  or  more,  but  are 
more  often  drawn  out  by  movements  of  the  mass  when  in  a 
molten  condition  into  irregular  channels.  These  cavities  are 
usually  empty,  but  are  sometimes  filled  with  gypsum  or  ara- 
gonite.  The  predominating  color  is  black,  but  deep  red 
varieties  are  met  with,  especially  in  the  San  Xavier  outflow. 
In  places  pressure  and  movement  of  the  mass  have  developed 
a  schistose  structure,  the  laminations  frequently  being  nearly 
vertical.  This  is  especially  noticeable  on  the  dome-shaped 
mountain  mentioned  above  near  the  Carnegie  Desert  Botanical 
Laboratory,  and  leads  to  the  conjecture  that  the  vent  through 
which  the  basalt  escaped  is  located  under  it. 

Microscopically  the  rock  is  made  up  of  numerous  feldspar 
rods  crowded  together  and  frequently  arranged  in  flow-lines, 
large  amounts  of  magnetite  and  ratlier  small  quantities  of 
olivine.  Glass  is  ])resent  i;i  greatly  varying  quantities.  The 
olivine  occurs  mostly  in  rounded  ^rrains  with  a  dark  red  halo 
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of  ferritic  material  and  occasionally  the  interior  of  the  crystal 
has  been  reabsorbed  leaving  skeletons  filled  by  the  gronndmass. 
(Fig.  3.)  The  accompanying  illustrations  (figs.  3,  4)  will  show 
the  most  important  variation  in  this  type  of  basalt.  In  fig.  4 
the  constituents  are  more  porphyritically  dispersed  than  is 
usual  in  these  outflows  and  the  groundmass  contains  more 
isotropic  material,  yet  to  the  unaided  eye  they  all  appear  nearly 
identical. 

Porphyritic  basalt  of  the  first  type  (a)  is  found  underlying 
the  compact  basalt  of  Sentinel  Peak  at  its  southern  extremity. 
That  this  represents  an  outflow  distinct  from  the  compact 
variety  is  shown  by  the  sharp  contact  between  the  two,  where 
there  is  a  layer  of  dark  red  basaltic  tuff  and  breccia  from  two 
to  six  feet  thick.  A  rock  practically  identical  with  this  is 
found  at  the  San  Xavier  Mission  in  a  small  cone-shaped  eleva- 
tion. This  variety  appears  to  be  made  up  of  large  plagioclase 
crystals  constituting  nearly  one  half  of  the  mass,  and  frequent 
black  lustrous  crystals  of  augite  in  a  groundmass  varying  from 
coarse  crystalline  to  compact.  The  feldspar  crystals  are  some- 
times over  one  half  inch  in  length  and  frequently  broken. 
Under  the  microscope  they  are  found  to  be  quite  fresh,  twinned 
plagioclase  filled  with  dark  inclusions  of  the  groundmass. 
The  pyroxene  is  light  yellow  with  parallel  cleavage  cracks  and 
high  extinction  angle.  The  groundmass,  where  it  can  be  made 
out  with  the  microscope,  is  mostly  feldspar  and  augite  with  but 
small  amounts  of  glass.  Olivine  is  not  at  all  abundant  and  in 
some  slides  is  absent.     (Fig.  5.) 

The  second  type  of  porphyritic  basalt  (J)  is  found  as  occa- 
sional outflows  south  of  Sentinel  Peak,  the  largest  yet  observed 
being  about  seven  miles  from  Tucson.  The  color  of  the  rock 
is  medium  dark  gray,  and  the  only  minerals  which  can  be 
determined  in  it  by  the  naked  eye  are  feldspar  and  occasionally 
magnetite.  The  feldspar  is  rarely  over  one  quarter  inch  in 
length  and  is  more  rod-shaped  than  in  the  foregoing  type.  It 
becomes  very  conspicuous  only  as  the  rock  weathers.  Under 
the  microscope  the  feldspar  is  like  that  in  the  first  type.  The 
groundmass  can  hardly  be  resolved  by  the  microscope  but 
seems  to  consist  mostly  of  feldspathic  material  and  magnetite. 

The  third  type  of  porphyritic  basalt  {c)  occurs  in  a  very 
small  mass  not  more  than  one  hundred  feet  in  length  at  the 
southern  base  of  Sentinel  Peak.  Portions  of  the  mass  are 
amygdaloidal  and  much  decomposed.  The  amygdules  are 
sometimes  six  inches  in  diameter  and  filled  with  agate,  usually 
in  concentric  rings  of  varying  translucency,  or  with  calcite  or 
siderite.  Sometimes  there  is  an  outer  shell  of  agate,  the 
interior  being  filled  with  calcite.  Geodes  of  brilliant  smoky 
quartz  have  also  been  found.     In  places  the  rock  is  sufficiently 
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fresh  for  satisfactory  study.  To  the  naked  eye  the  porpliyr- 
itic  character  of  the  rock  is  not  at  all  apparent.  Under  the 
microscope,  however,  it  is  found  to  be  made  up  of  distinct 
porphyritic  crystals  of  abundant  feldspar,  considerable  pyrox- 
ene, and  much  less  olivine  in  a  seraicrystalline  gronndmass 
consisting  of  a  felt  of  magnetite  and  dark  matter  which  reacts 
feebly  under  polarized  h'ght. 

Quartz  basalt. — This  unusual  type  of  basalt  is  found  in  the 
extreme  southern  end  of  the  mountain  range  as  a  portion  of 
the  promontory-shaped  hill  two  miles  southwest  oi  the  San 
Xavier  Mission.  The  greater  portion  of  the  outflow  consists 
of  the  compact  basalt  already  described  with  cellular  and 
scoriaceous  modifications.  On  the  extreme  eastern  slope  an 
abundance  of  the  quartz-bearing  variety  appears.  Quartz 
is  the  only  mineral  that  can  be  detected  with  the  naked  eye. 
Aside  from  this  porphyritic  constituent  the  general  character 
of  the  rock  from  both  a  megascopic  and  microscopic  stand- 
point is  the  same  as  the  compact  varieties  described  above. 
The  quartz  occurs  as  rounded  and  semi-angular  grains,  rarely 
more  than  six  millimeters  in  length.  Under  the  microscope 
the  quartz  appears  clear,  mucli  fractured  and  quite  free  from 
inclusions  ox  all  sort«.  Tliat  the  quartz  is  primary  and  not 
due  to  secondary  tilling  of  cavities  is  inferred  from  the  fact 
that  the  grains  each  consist  of  but  one  individual  as  shown  by 
the  extinction.  This  is  not  the  case  where  previously  existing 
cavities  have  been  tilled  by  infiltration.  Amygdaloidal  fillings 
have  been  observed  in  this  same  rock  and  they  present  a  struc- 
ture quite  diflEerent  from  the  quartz  in  question.  Basalts  con- 
taining quartz  have  been  described  by  Diller,*  Iddingsf  and 
Pirsson:]:  from  various  localities  in  tlie  United  States,  and  by 
Andreae§  and  Lacroix||  from  other  regions.  By  most  of  these 
writers  their  origin  has  been  discussed  and  they  have  been 
held  to  be  of  primary  origin.  Some,  like  Lacroix,  have,  how- 
ever held  them  to  be  inclusions,  quartz  grains  caught  up  from 
lower  rocks  and  held  in  the  magma. 

DESCRIPTION  OF  FIGURES,  PLATE  IX. 

Figure  1. — Rhyolite,  showing  flow-lines  in  the  groundmass,  ordinary  light, 

18  diameters. 
Figure  2. — Vitrophyric  andesite.  near  Gila  Bend. 
Figure  3.  — Basalt,  Sentinel  Peak,  45  diameters. 
Figure  4. — Basalt,  near  San  Xavier,  45  diameters. 

Figure  5. — Porphyritic  basalt,  showing  crystals  of  augite,  18  diameters. 
Figure  6. — Agate,  under  polarized  light,  showing  complicated  stractnre, 

found  as  amygdaloidal  filling  in  porphyritic  basalt  (c),  45 

diameters. 

*  This  Journal,  vol.  xxxiii,  p.  45.,  1887.     Bull.  U.  S.  Geol.  Surv.  79,  1891. 

f  This  Journal,  vol.  xxxvi,  p.  208,  1888.     Bull.  U.  S.  Geol.  Surv.  66,  1890. 

i  BuU.  U.  S.  Geol.  Surv.  139,  p.  129,  1896. 

S  Zeit.  deut.  Geol.  Gesell.  1892,  p.  824. 

I  Enclaves  des  rockes  volcaniques,  Ann.  Acad.  Macun,  vol.  x,  1893,  p.  17. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  The  Gases  produced  by  Actinium, — It  is  known  that  solu- 
tions of  radium  salts  give  off  continuously  a  mixture  of  hydrogen 
and  oxygen  from  the  decomposition  of  water,  and  it  has  been 
found  that  this  detonating  gas  contains  a  small  quantity  of 
helium  which  is  believed  to  be  a  product  of  the  disintegration  of 
the  radium  atom.  Debiebne  has  recently  confirmed  this  behavior 
of  radium  by  using  nearly  a  tenth  of  a  gram  of  Curie's  radium 
bromide  and  operating  in  a  manner  similar  to  that  of  Ramsay 
and  Soddy.  He  has  found,  further,  that  solutions  of  actinium 
salts  give  off  detonating  gas  containing  helium,  and  that  the 
amounts  of  these  products  apparently  correspond  to  the  amounts 
produced  by  a  quantity  of  radium  having  the  same  activity. 

For  the  experiments  with  actinium  he  used  the  whole  of  his 
most  active  products,  and  obtained  the  same  results  with  a  por- 
tion which  had  been  specially  purified  from  any  possible  contami- 
nation with  radium  by  adding  to  it  barium  chloride  and  removing 
the  barium.  It  was  found,  moreover,  that  the  barium  thus  re- 
moved did  not  contain  an  appreciable  quantity  of  radium.  It 
was  found  also  that  solid  actinium  fluoride  gave  off  helium. 
Debierne  states  that  in  addition  to  the  large  quantity  of  emana- 
tion with  a  rapid  rate  of  decay  which  is  given  off  by  solid  salts 
of  actinium,  there  comes  from  it  a  very  small  quantity  of  an 
emanation  of  much  slower  change  which  he  has  identified  as 
identical  with  the  radium  emanation  ;  but  its  quantity  is  too 
small  to  have  produced  the  helium  found  in  his  experiments. — 
Comptes  HenduSj  cxli,  383.  h.  l.  w. 

2.  A  Neio  Heavy  Solution,  —  Duboin  has  prepared  some 
liquids  analogous  to  the  well-known  Thoulet's  solution,  one  of 
which,  at  least,  appears  to  possess  decided  advantages  over  the 
latter.  In  the  place  of  the  potassium  iodide  used  by  Thoulet, 
he  uses  sodium  or  lithium  iodide.  The  alkaline  iodide  and  mer- 
curic iodide  aV*e  alternately  added  to  a  small  quantity  of  water 
until  saturation  takes  place,  the  temperature  being  slightly  raised 
at  the  end  of  the  operation.  Then  the  liquid  is  allowed  to  cool, 
and  after  twenty-four  hours  it  is  filtered.  It  was  found  that 
Thoulet's  solution  prepared  in  this  way,  and  filtered  at  22*9°, 
gave  a  specific  gravity  of  3*196  and  an  index  of  refraction  of 
1*730,  while  the  sodium  mercuric  iodide  solution,  filtered  at 
24*75°,  gave  a  density  of  3*46  and  an  index  of  refraction  of  1*'79'7. 
The  lithium  solution  is  intermediate  in  its  density  and  refraction 
between  the  two  just  mentioned.  Analyses  of  the  solutions 
showed  that  their  compositions  corresponded  closely  to  the 
formulas  K,HgI^,  Na^IIgl^  and  Li,IIgl^,  and  in  each  case  the 
amount  of  water  present  was  somewhat  more  than  10  per  cent. 
A  similar  ammonium  mercuric  iodide  solution  was  prepared,  but 
this  was  less  dense  than  Thoulet's  liquid. 
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The  sodium  mercuric  iodide  solution  is  of  considerable  interest, 
as  it  is  heavier  than  even  methylene  iodide.  Although  water 
produces  in  it  a  precipitate  of  mercuric  iodide,  it  dissolves  with- 
out change  in  alcohol  and  many  other  organic  liquids. —  Comptes 
Rendus,  cxli,  385.  h.  l.  w. 

3.  Hydrolysis  of  very  Concentrated  Ferric  Sulphate  Solu- 
tions,— It  has  been  observed  by  Rbcoura  that  a  concentrated 
solution  of  ferric  sulphate  made  by  dissolving  the  anhydrous 
salt  in  its  own  weight  of  water  is  completely  decomposed  when 
it  is  placed  in  contact  with  acetone  for  several  days.  The 
products  are  sulphuric  acid,  which  dissolves  in  the  acetone,  and  a 
basic  ferric  sulphate  which  separates  in  the  solid  form.  The 
latter  is  yellowish  white  in  color,  is  soluble  in  water,  and  has  a 
composition  represented  by  the  formula  6Fe,(S0J,  .Fe,0,  .H,0. 
The  same  solid  is  formed  without  the  use  of  acetone  when  a 
strong  solution  of  ferric  sulphate  is  placed  in  a  well-stoppered 
flask  and  allowed  to  stand  for  a  longer  time.  With  solutions  of 
the  strength  given  above,  the  deposit  begins  to  form  after  about 
twelve  days  and  extends  through  the  liquid  in  about  a  month. 
With  stronger  solutions  the  precipitate  is  formed  more  rapidly 
and  abundantly,  while  with  solutions  slightly  more  dilute  no  basic 
salt  separates.  The  deposit  is  formed  most  rapidly  at  20°,  and 
more  slowly  as  the  temperature  is  kept  lower. —  Comptes  Rendus^ 
cxl,  1686.  H.  L.  w. 

4.  Separation  of  Gold  from  the  Metals  of  the  Platinum 
Group. — Jannasch  and  von  Moter  have  found  that  gold  is 
precipitated  quantitatively  by  a  salt  of  hydrozine  in  any  kind  of 
solution.  This  reagent,  however,  on  account  of  its  powerful 
reducing  action  does  not  serve  to  separate  gold  from  the  metals 
of  the  platinum  group,  although  it  is  thus  separated  satisfactorily 
from  potassium,  sodium,  barium,  strontium,  calcium,  magnesium, 
aluminium,  chromium,  zinc,  manganese,  iron,  uranium,  nickel, 
cobalt,  cadmium,  mercury,  lead  and  copper.  Gold  is  precipitated 
by  a  hydroxylamine  salt  in  acid  solution  somewhat  slowly,  and 
not  below  a  temperature  of  80^.  Preliminary  tests  indicate  that 
hydroxylamine  hydrochloride  is  a  satisfactory  reagent  for  the 
separation  of  gold  from  palladium,  platinum,  iridium  and  rho- 
dium, as  well  as  from  ruthenium  and  osmium. — Rerichte,  xxxviii, 
2129.  H.  L.  w. 

5.  Determination  of  Sugar  tcith  Fehling^s  Solution. —  On 
account  of  difficulties  encountered  in  determining  small  quantities 
of  sugar  by  Fehling's  volumetric  method,  Lavalle  has  modified 
this  by  carrying  it  out  in  the  presence  of  an  excess  of  caustic 
soda,  so  that  the  cuprous  oxide  produced  remains  in  solution,  and 
the  change  in  color  is  more  readily  detected.  The  operation  is  as 
follows  :  In  a  porcelain  dish  of  200*^*^  capacity  are  placed  6  or  10®* 
of  Fehling's  solution,  30"  of  sodium  hydroxide  solution  (1  :  3), 
and  50  or  60"  ol  distilled  water.  The  liquid  is  then  heated,  and 
when  it  begins  to  boil  the  solution  to  be  tested  is  gradually  added. 
The  operation  is  finished  when  the  last  drop  causes  the  blue  color 
of  the  Fehling's  solution  to  disappear. — Berichte,  xxxviii,  2170. 

H.  L.  W. 
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6.  Slow  Transformation  Products  of  Radium, — An  article 
by  Prof.  E.  Rutherford,  in  the  September  number  of  the  Philo- 
sophical Magazine,  closes  with  the  following  summary  of  .the 
products  recognized  in  the  slow  transformation  of  radium. 

"  The  results  of  the  comparison  of  the  products  of  radium 
with  those  contained  in  polonium,  radio-tellurium,  and  radio-lead 
are  summarized  below. 


Products 
in  old 


^Radium  D  =  product  in   new  radio-lead,   no   rays. 

Half  transformed  in  40  years. 
Radium  E  =  gives  out  p  Ta.y8y  separated   with  bis- 
muth,  and   iridium.       Half    transformed    in    6 


Radio-  »  days, 

lead.  Radium  F  =  product  in  polonium  and  radio  tellurium. 
Gives  out  only  a  rays.  Half  transformed  in  143 
days. 

The  family  of  substances  produced  by  the  disintegration  of 
radium,  together  with  the  time  for  each  to  be  half  transformed, 
is  shown  diagrammatical ly  in  the  figure. 

»  *  »  •   ^  >.  ^ 

>  •  •  •  •  ^  •  ,  • 

6-6-6-0- (>- o  a- d- 

f^AOtUM        EMAN.         RAD^  RAtxB  ^AO-C         /RAO-D        f^AD-E  f^AO-F 

/jooura.         ^y9.       i3lnins.         iitnjtq:       eanfirjs  i  i  ^^oyr:  eJys.         t^hadj^m.  . 

AcTtve  ocPotiT  Ra^iochanok.  Active  oePo&irOucvvCHANOE 

It  is  now  fully  established  by  the  researches  of  Boltwood, 
Strutt,  and  McCoy  that  the  amount  of  radium  present  in  radio- 
active minerals  always  bears  a  constant  ratio  to  the  amount  of 
uranium.  The  investigations  of  Boltwood,  in  particular,  have 
shown  a  surprisingly  good  agreement  between  the  content  of 
radium  and  uranium  for  minerals  obtained  from  various  localities, 
which  differ  very  widely  in  their  content  of  uranium.  This  pro- 
portionality is  a  strong  indication  that  radium  is  produced  from 
uranium  ;  and  a  conclusive  proof  of  this  point  of  view  is  given 
by  the  experiments  of  Soddy  and  Whetham,  who  find  that  there 
is  a  slow  growth  of  radium  in  uranium  which  was  initially  freed 
from  radium.  In  addition,  the  actual  amount  of  radium  in  radio- 
active minerals  is  of  the  right  order  of  magnitude  to  be  expected 
from  theoretical  considerations,  if  uranium  is  the  parent  of 
radium. 

Soddy  finds  that  the  present  growth  of  radium  from  uranium 
is  only  a  very  small  fraction  of  the  theoretical  amount.  This  is 
most  simply  explained  by  supposing  that  one  or  more  products 
of  slow  period  of  transformation  intervene  between  UrX  and 
radium.  The  uranium-radium  family  and  their  connection  with 
one  another  is  summarized  below. 
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Uranium. 

I 

V 
UrX. 


V 
? 


Radium  and  its  family  of  rapidly-changiug  products,  viz.,  the 
emanation,  radium  A,  B,  and  C. 

I 

Radium  D  =  primary  constituent  in  radio-lead. 


Radium  E. 

I 
V 

Radium  F  =  active  constituent  in  radio-tellurium  and  polonium. 

No  evidence  has  been  obtained  that  any  further  active  products 
exist  after  radium  F  has  been  transformed.  If  the  a  particle  is  a 
helium  atom,  remeniberiiig  that  five  products  are  present  in 
radium  which  emit  a  particles,  the  atomic  weight  of  the  trans- 
formation product  of  radium  F  should  be  225—20  or  205.  This 
is  very  close  to  the  atomic  weight  of  lead,  206*7.  The  view  that 
lead  is  the  final  or  end  product  of  the  transformation  of  radium 
IS  supported  by  the  fact  that  lead  is  always  found  in  the  radio- 
active minerals  in  about  the  amount  to  be  theoretically  expected 
from  the  content  of  uranium,  when  the  quantity  of  helium, 
present  in  the  mineral,  is  used  to  compute  its  probable  age.*  A 
similar  suggestion  has  recently  been  advanced  by  Boltwood." 

II.    Geology  and  Mineralogy. 

1.  Indiana^  Department  of  Geology  and  Natural  JResourceSy 
Tvoenty-ninth  Annual  Report^  W.  S.  Hlatchlky,  State  Geologist, 
1904.  888  pp.,  M  pi. — This  Twenty-ninth  Report  of  the  Slate 
Geologist  of  Indiana  is  largely  devoted  to  the  economic  interests 
of  the  state,  which  have  shown  a  very  large  increase  in  recent 
years.  Thus  comparing  the  figures  for  1895  with  those  for  1904, 
although  there  has  been  a  falling  off  in  natural  gas,  the  amount 
of  coal  produced  has  been  more  than  doubled  and  that  of  petro- 
leum increased  neaily  three  times,  while  the  value  of  the  output 
of  buildinir  stone  and  of  clay  products  has  also  doubled.  Twenty- 
five  vears  since  the  resources  of  the  state  were  almost  exclusivelv 
agricultural,  while  in  1904  the  total  value  of  the  mineral  resources 
amounted  to  not  less  than  forty  million  dollars.  The  present 
volume  discusses   very  fully  the  clays  and  clay  industry  of  the 

*  A  full  discuRHion  of  this  question  was  given  by  the  writer  in  the  Silliman 
Lectures.  Yale  University,  March,  1905. 
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state,  in  which  direction  the  state  has  been  found  to  be  very  rich, 
the  shales,  particularly  those  of  the  Coal  Measures,  which  were 
not  many  years  since  supposed  to  be  valueless,  now  being  turned 
on  an  extensive  scale  into  pipes  and  tiles,  bricks  of  various  kinds 
and  other  products.  An  account  is  also  given  of  the  petroleum 
industry,  and  the  volume  closes  with  an  illustrated  chapter  upon 
the  insect  galls  of  Indiana  by  Melville  T.  Cook. 

2.  Geological  Survey  of  Louisianay  G.  D.  Harris,  Geologist- 
in-charge, — It  is  announced  that  hereafter  the  biennial  reports 
of  the  State  Survey  of  Louisiana  will  be  brought  out  first  as 
Bulletins  and  subsequently  will  be  bound  up  in  part  as  regular 
volumes.  Of  the  Report  of  1905,  three  Bulletins  have  already 
appeared  :  No.  1 — The  Underground  Waters  of  Louisiana;  No. 
2 — Magnetic  Survey  of  Louisiana ;  and  No.  3 — Tide  Gauge 
Work  in  Louisiana.  These  may  now  be  had  gratis  by  address- 
ing Dr.  W.  R.  Dodson,  Director  Experiment  Station,  Baton 
Rouge,  La. 

3.  Geological  Survey  of  New  Jersey,  Annual  Report  of  the 
State  Geologist^  Henry  B,  KUmmel^for  the  year  1904,  317  pp., 
19  plates,  18  text  figures.  Trenton,  1905. — This  report  contains 
a  popular  account  of  fossil  fishes  and  their  place  in  paleontology, 
by  Dr.  C.  R.  Eastman,  followed  by  a  detailed  account  of  the 
fossil  fishes  of  the  Triassic  as  found  in  the  Newark  formation. 
Dr.  Weller  contributes  papers  on  the  faunas  and  corresponding 
formations  of  the  Cretaceous  of  New  Jersey.  Professor  F.  B. 
Peck  has  a  chapter  on  the  talc  deposits  of  Phillipsburg,  N.  J., 
and  Easton,  Pa.,  while  the  molding  sands  are  treated  by  H.  B. 
Ktimrael  and  S.  H.  Hamilton.  Progress  is  noted  in  the  survey 
of  the  pre-Cambrian  rocks  in  cooperation  with  the  United  States 
Geological  Survey,  and  further  parts  treat  of  well  records,  forest 
fires  and  mining.  The  work  throughout  the  report  is  thorough 
and  of  high  grade;  it  deals  largely  with  subjects  of  practical 
value  to  the  state.  j.  b. 

4.  Brief  descriptions  of  some  recently  described  Minerals, — 
BECKKLrrE  is  a  silicate  of  the  cerium  metals  and  calcium,  described 
by  J.  Morozewicz  and  named  after  Prof.  Fr.  Becke  of  Vienna.  It 
is  found  in  a  rock  of  the  eleolite-syenite  type,  called  by  the  author 
mariupolite  and  forming  one  of  the  petrographic  elements  of  the 
Azov  granite  table.  It  occurs  in  coarse  grains  of  a  light  yellow 
color,  optically  isotropic,  also  in  octahedrons  and  dodecahedrons 
resembling  pyrochlore.  The  hardness  is  5  and  the  specific  gravity 
about  4*15.     An  analyis  yielded  : 

SiO,  ZrO,  +  RA  Mn,0,    CaO  MgO  K,0    Na,0     ign. 

17*13         65-31  0-07      15-46     tr.     0-39      0*78       0-99=:100-13 

The  rare  elements  forming  the  65-31  of  ZrO^  +  R^O,  included  the 
following:  ZrO,  2-50,  Ce,0,  28*10,  La,0,  1360,  Di^O,  18  00, 
Y,0,  +  Er,03  2  80,  Al,0,  0-30,  Fe,0,  tr.  The  calculated  formula 
is  Ca,  (Ce,  La,  Di)^  Si,  O,^.— J/m.  petr.  MUth.,  xxiv,  120,  1905. 

Several  new  species  are  described  by  li.  H.  Solly,  in  a  recent 
number   of   the   Mineralogical    Magazine    (xiv,    72).     They    are 
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derived  from  the  dolomite  of  the  quarries  in  the  Binnenthal, 
Switzerland.  Hutchinsonite,  named  after  Dr.  Arthur  Hutchin- 
son, of  the  University  of  Cambridge,  is  a  species  occurring  in 
prismatic  orthorhombic  crystals,  with  numerous  terminal  faces. 
The  color  is  gray  to  grayish  black,  and  the  streak  vermilion. 
The  crystals  are  transparent  to  nearly  opaque.  Hardness,  1*5-2  ; 
cleavage,  good,  parallel  to  the  macropinacoid.  In  composition  it 
is  found  by  G.  T.  Prior  to  be  a  sulpharsenite  of  thallium,  lead, 
silver  and  copper  ;  it  contains  nearly  20  per  cent  of  the  rare 
element  thallium. 

Smithitk,  named  after  Mr.  G.  F.  Herbert  Smith  of  the  British 
Museum,  occurs  in  monoclinic  crystals,  resembling  flattened  hexag- 
onal prisms,  with  prominent  bas  alplane.  The  lustre  is  adamantine, 
the  color  light  red,  and  the  streak  vermilion.  The  crystals  are 
transparent  to  translucent.  Hardness,  l'6-2;  cleavage,  parallel  to 
the  orthopinacoid,  perfect.  The  surface  of  the  crystals  changes  on 
exposure  to  light  from  pure  red  to  orange  red.  According  to  G. 
T.  Prior,  the  composition  is  expressed  by  the  formula  AgAsS,. 

Trecumannitk,  after  Dr.  C.  O.  Trechmann,  occurs  very  spar- 
ingly in  minute  rhombohedral  crystals  resembling  the  two  species 
hutch insonite  and  smith ite  in  color,  streak  and  hardness.  The 
crystals  showed  portions  of  hexagonal  prisms,  with  small  pyra- 
midal and  rhombohedral  faces.  Cleavage  was  observed  perpen- 
dicular to  the  prism.     The  composition  is  as  yet  undetermined. 

Marrite,  named  after  Dr.  John  Edward  Man*  of  Cambridge, 
occurs  in  highly  modified  monoclinic  crystals,  usually  doubly 
terminated.  The  color  is  lead-  to  steel-gray,  the  surface  showing 
iridescent  tarnish  ;  the  luster  is  metallic,  brilliant.  The  hardness 
is  3  and  the  fracture  conchoidal;  no  cleavage  was  observed. 
Only  a  single  specimen  had  been  found  at  the  time  the  descrip- 
tion was  published ;  this  showed  some  fifteen  small  crystals  im- 
planted upon  the  dolomite,  hence  though  the  crystallographic 
data  are  complete  the  composition  is  yet  to  be  determined. 

Lbngrnbaciiitb,  named  after  the  Lengenbach,  a  tributary 
stream  in  the  Binnenthal,  occurs  in  bladed  crystals  often  very 
thin  and  sometimes  curled  up  like  paper.  They  show  a  highly 
perfect  cleavage  and  splendent  luster ;  the  crystals  are  appar- 
ently twinned  and  are  inferred  to  belong  to  the  triolinio  system. 
The  plates  are  flexible  and  somewhat  malleable  but  not  elastic. 
The  color  is  steel-gray,  often  with  iridescent  tarnish,  the  luster 
metallic  ;  the  specific  gravity  is  5*80.  In  composition  it  is  essen- 
tially a  sulpharsenite  of  lead  with  small  amounts  of  antimony, 
silver  and  copper,  as  determined  by  A.  Hutchinson. 

BowMANiTE,  named  after  H.  L.  Bowman  of  the  University  of 
Oxford,  occurs  in  rhombohedral  crystals  with  basic  cleavage  and 
having  the  form  of  six-sided  plates,  often  grouped  in  rosettes; 
the  crystals  show  a  pseudo-symmetry  in  the  basal  sections.  The 
color  is  honey-yellow,  the  luster  brilliant  vitreous  to  resinous. 
The  hardness  is  4*5,  the  specific  gravity  3*2.  According  to  Bow- 
man it  is  essentially  a  phosphate  of  lime  and  alumina  with  small 
amounts  of  iron,  water  and  possibly  jnagnesia. 
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Art.  XXXVI. — A  New  Niobrara  7 oxochelys ;*  by  G.  R. 

WiELANi).     (With  Plate  X.) 

None  of  the  numerous  marine,  or  semi-marine  turtles  from 
the  Kansas  chalk  or  Niobrara  Cretaceous  have  proven  of 
greater  interest  than  the  forms  included  within  the  «jenu8 
Toxochelys,  For  this  wholly  extinct  American  group  unites 
carapacial  and  plastral  characters  of  the  LytoloinaH  of  the 
Upper  Cretaceous  of  New  Jersey  with  Chelydra-Wke  cranial 
features,  and  is  well  represented  by  a  considerable  number  of 
specific  forms  and  variations  presenting  fairly  clear  evidence 
that  we  have  here  to  deal  with  a  line  which  independently 
acquired  the  modifications  of  limb  structure  suiting  at  least 
some  of  its  members  to  a  marine  habitat. 

Moreover  it  is  very  significant  that  discrete  epi-neural  ossi- 
cles somewhat  similar  to  those  the  writer  supposed  might  be 
present  in  Archelon  are  borne  serially  either  on  the  neuralia, 
or  over  the  neural  junctions  in  an  order  suggesting  that  they 
have  an  ancient  history,  possibly  analogous  to  the  ossicles  of 
somewhat  similar  form  so  characteristic  of  the  Crocodilidae 
and  in  part  the  Chelydridfe.  These  ossicles  as  noted  further 
on  were  first  observed  in  Toxochelys  {serrifer)  stenoparis  by 
Case  (2)  and  later  more  fully  described  and  commented  on  by 
Hay  (6,  7,  8).  The  character  of  the  entire  series  is,  however, 
now  determined  for  the  first  time.     The  idea  that  such  ossi- 

*  The  writer's  previous  coutributions,  mainly  on  the  marine  turtles,  are  as 
f oUows : — 

This  Journal,  vol.  ii,  Dec,  1896,  pp.  399-412,  pi.  VI.  American  Natural- 
ist (p.  446),  1897.  This  Journal,  vol.  v,  Jan.,  1898,  pp.  15-20,  pi.  II; 
vol.  ix,  Apr.,  1900,  pp.  237-251,  pi.  II;  vol.  ix,  June,  1900,  pp.  413-424; 
vol.  xiv,  Aug.,  1902,  pp.  95-108;  vol.  xv,  March,  1903,  pp.  211-216;  vol. 
xvii,  Feb.,  1904,  pp.  112-132,  pis.  I-IX ;  vol.  xviii,  Sept.,  1904,  pp.  183-196, 
pis.  V-VIII. — (In  Press, — Protostega  ;  Memoirs,  Carnegie  Museum  of  Pitts- 
burgh ;  Plastron  of  Protosteginee.) 

Ah.  Joub.  Sci.~Fourth  Series,  Vol.  XX,  No.  119.~Novsiibeb,  1905. 
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cles  really  represent  a  disappearing  series  of  dermal  elements 
is  further  strengthened  by  the  writer's  observation  that  inter- 
polated ossicles  also  occur  in  the  marginal  series  of  occasional 
specimens  of  Lytoloma  angusta^  as  will  be  further  considered 
below. 

Despite  the  frecjuent  occurrence  of  Toxochelyds  in  the 
Niobrara,  until  now  no  complete  carapace  has  been  described. 
It  is,  therefore,  of  timely  interest  that  a  specimen  collected  by 
Mr.  Charles  H.  Sternberg  in  Gove  County,  Kansas,  and  very 
recently  ac(][uired  by  the  Yale  Museum,  includes  a  carapace 
and  plastron  sufficiently  complete  to  determine  accurately  all 
the  details  of  shell  structure  and  form.  The  original  locality, 
according  to  Mr.  Sternberg,  is  in  a  ravine  about  three  miles 
north  of  Monument  Rocks,  and  about  four  miles  east  of  the 
western  Gove  County  line.  This  fossil  is  numbered  2823  in 
the  Yale  Museum  accession  list,  and  on  the  basis  of  the  analy- 
sis given  below  is  referred  to  the  new  species  Tootochelyft 
Bauri^  in  honor  of  that  distinguished  student  of  the  Testudi- 
nata  the  late  lamented  Professor  Georg  Baur.  As  shown  on 
Plate  X,  T,  Bauri^  represents  one  of  the  most  ornate  of  all 
extinct  Testudinate  species.  The  type  consists  in  the  follow- 
ing elements : — 

The  nuchal  and  eight  closely  articulated  neuralia  with  the 
ninth  median  or  post-neural  element  bipartite,  and  followed 
by  an  antero-pygal  and  the  pygal  marginal  (the  postero-pygal 
being  the  only  median  element  absent) ;  three  epi-neural  ossi- 
cles respectively  seated  on  the  3d  and  4th,  the  5th  and  6th, 
and  the  8th-10tli  members  of  the  neural  series ;  the  Ist-Sd, 
and  the  8th-llth  right  marginals ;  the  4th-6th,  8th  and  10th 
left  marginals ;  most  of  the  pleuralia ;  also  the  right  hyo-  and 
hypo  plastron  nearly  complete,  and  various  fragments  of  verte 
bra3  with  several  centra  and  arches.  Of  the  right  pleuralia 
the  first  and  seventh  are  complete,  and  the  third,  fourth  and 
sixth  only  lack  rib-tips,  while  the  expanded  plates  of  all  the 
riirht  pleurals  but  the  distal  portion  of  the  fifth,  are  fortunately 
present.  On  the  left  side  the  pleurals  are  not  so  complete, 
only  the  proximal  ends  having  been  recovered,  with  the  excep- 
tion of  the  third,  which  only  lacks  a  middle  portion  of  the 
plate.     Cf.  figure  6. 

The  hyo-  and  hypoplastron  lack  their  interior  digitations, 
but  fortunately  permit  an  approximate  restoration  from  what 
is  known  of  the  plastron  of  several  other  species  (cf.  figure  7). 
The  fragmentary  or  not  directly  determinable  skeletal  parts 
include  two  dorsal  centra,  4"^'"  in  length,  and  several  caudal 
centra,  with  a  few  portions  of  cervicals. 

With  the  exception  of  some  of  the  middle  and  anterior 
marginals,  which  are  curiously  crushed  from  very  different 
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angles,  the  various  elements  of  the  present  in  reality  excep- 
tionally fine  fossil  do  not  appear  to  have  been  much  displaced 
in  their  original  chalk  matrix.  This  had  been  removed,  how- 
ever, and  aside  from  the  neurals,  which  remained  for  the 
greater  part  solidly  articulated,  any  clues  to  form  and  organ- 
ization afforded  by  position  in  the  matrix  had  been  thus 
destroyed  before  the  specimen  reached  the  Yale  Museum. 

Despite  this  crushing  and  dissociation  of  parts,  as  the  result 
of  a  careful  joint  examination  by  the  Museum  preparateur, 
Mr.  Gibb,  and  the  writer,  it  has  nevertheless  proven  possible 
for  the  former  to  make  a  very  handsome  and  successful  mount- 
ing of  the  fine  carapace  with  the  considerably  restored  plas- 
tron in  its  approximately  natural  position,  as  illustrated  on 
Plate  X,  and  figures  1-3,  and  6,  7.  In  fact  it  is  owing  to  the 
presence  of  the  nearly  complete  hyo-  and  hypoplastron  that 
we  are  enabled  to  determine  the  true  width  of  the  carapace, 
which  is  indicated  in  the  corrected  drawing  (figure  1)  based  in 
part  on  the  measurement  thus  obtained.  The  specimen  itself 
is  mounted  more  nearly  as  removed  from  the  chalk  matrix, 
the  width  being  somewhat  exaggerated  by  compression.  For 
it  was  at  once  decided  that  it  would  be  far  better  in  mounting 
the  specimen  to  adhere  nearly  to  the  form  that  had  resultea 
from  crushing  in  the  matrix,  rather  than  to  distort  the  junc- 
tions of  the  several  elements  in  an  effort  to  reach  the  elongate 
form  Toxochdys  Bauri  really  had.  The  restoration  is  accord- 
ingly, although  at  first  siglit  indicating  a  considerable  length 
of  shell,  not  nearly  so  narrow  and  relatively  long  as  originally 
in  life, — an  interesting  fact  because  this  is  almost  the  only 
marine  form  with  a  carapace  suggestive  of  the  great  length 
seen  in  Dermochelys, 

Description  of  Parts. 

As  the  main  features  of  the  anatomy  of  the  carapace  appear 
in  suflScient  detail  in  the  summary  of  characters  and  measure- 
ments given  below,  taken  in  conjunction  with  the  accompany- 
ing figures  and  plates,  we  may  pass  on  to  a  discussion  of  the 
special  or  unique  features  of  interest,  namely  the  7uichal^  the 
ej)i-neu7*al  sp{7ie8,  and  the  pygal  region. 

Nuchal. — The  Trionychid-like  fontanelles  at  the  junction 
of  the  nuchal,  first  neural  and  pleurals  (figure  1, ,/),  are  circu- 
lar to  slightly  elliptical,  and  1^™  in  diameter.  Such  have  not 
been  hitherto  observed  to  occur  outside  the  Trionychids,  and 
with  the  general  form  of  the  nuchal  suggest  a  certain  connec- 
tion with  original  lines  less  distant  from  the  Trionychid  stocks 
than  are  the  Cheloninae.  Elsewhere  the  writer  has  suggested 
that  the  Nuchal  and  Epiplastra  of  Dermoclielys^  Protostega^ 
and  the  Jurassic  Thalassemyds  may  go   to  indicate  a  yet 


328 


G,  R.   Wieland — On  Marine  Turtles. 


closer  relationship  to  stocks  ancestral  to  the  Trionychidse,  and 
that  there  are  many  most  suggestive  indications  that  indepen- 


FiouRE  1. — Carapace  of  Toxochelys  Bauri  Wieland,  x  ^^  nearly.  (Drawn 
from  type.)  A',  Nuchal ;  2,  4,  6,  8,  Neuralia  ;  9',  posterior  segment  of  the 
9th  or  post-neural  element  of  the  median  series  ;  A ,  Antero-pygal ;  P,  Pos- 
tero-pygal ;  3f,  Marginalo-pygal ;  I- VIII,  the  Pleuralia ;  MlOj  10th  (rib- 
free)  Marginal;  /,  the  post-nuchal  foramina;  /',  /••,  1st  and  8th  pleuro- 
marginal  fontanelles.     The  thi-ee  Epi-neurals  are  not  lettered. 

dent  marine  races  of  Testudinates,  of  which  at  least  a  half 
dozen  may  be  enumerated,  have  been  repeatedly  developed 
ever  since  the  Jurassic. 
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It  is  also  of  much  interest  that  while  in  forms  like  Osieopy- 
yis  a  netlier  nuchal  process  is  wholly  absent,  there  is  in  the 
present  turtle  a  mere,  although  distinct  beginning  of  such  a 


FiauRE  2.— Plastral  view  of  Toxochelys  Bauri  Wieland,  x  ^  nearly. 
(Drawn  from  type). — en,  Ehitoplastron  ;  /i,  Hyoplaatron;  hp^  Hypoplastron : 
X,  Xiphiplastron  ;  /,  /,  /,  the  median  and  the  lateral  hyo-hypoplastral,  and 
the  hypo-xiphiplastral  foramina ;  4-7,  the  plastron-supporting  marginalia. 
Other  letters  as  in  fignre  1 . 

process,  and  in  Toxochelys  hitiremis  a  much  larger  projection 
for  actual  cervical  articulation.  This  process  thus  appears  to 
have  arisen  in  different  groups  rather  than  to  have  been  com- 
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monly  present  in  Cretaceoiie  turtles,  ami  may  now  be  consid- 
ered to  have  been  definitely  traced  to  its  origin  in  at  least  one 
gcnns. 

3 

Ejn-neural  Spines —Ihe  eer- 
ies  of  epi-neuraispinee  taken  in 
conjunction  witb  the  strongly 
cannate  nenrals,  and  the  keeled 
inarainals,  give  U>  tlie  present 
ioss\\  carapace  a  most  ornate 
form.     See  figures  1  and  3. 

The  earliest  saggestion  of  tbe 
possible  presence  of  epi-neural 
elements  in  tbe  Testiidinata  was 
made  by  tlie  writer  in  his  orig- 
inal description  of  the  Fort 
Pierre  Cretaceous  turtle  Arehe- 
Ion  given  in  tins  Jonrnal  for 
Dec,  1896.  It  appears  on  page 
400  of  that  nnmber  as  follows : 
"One  of  tbe  chief  features  of 
tbe  carapace  is  tbe  arching  into 
a  heavy  dorsal  ridge,  beginning 
jnst  back  of  the  region  of  tlie 
first  dorsal  vertebra,  and  irom 
tlience  continuous,  except  in  the 
sacral  region.  It  marks  tbe 
position  of  the  nenral  spines 
and  is  very  distinctly  grooved 
from  anteriorly  to  tlie  region  of 
the  eighth  dorsal  vertebra.  Im- 
mediately over  tbe  neural  spines 
this  groove  inclines  to  widen 
and  send  out  asteriations.  In 
life  these  si-ooves  were  no  doubt 
tilled  witli  horny  material,  and 
the  animal  may  have  borne  a 
dorsal  row  of  spines." 

Two  years  later  tbe  spines  of 
Toxochehis  were  first  observed 
CftpaiMKe  of  Toi^Myi  Ba«ri  wie-  hv  Case,*  and  have  been  snice 
Und,  X  {:(  nearly.  Drawn  from  the  more  fully  described  and  com- 
type.  ...,«  the  three  Epi-neurol  meuted  on  by  Hay,  who  Would 
epines  a«pporiea  reBpeoiivelv  by  ihe  ■       .i  ^i  ^       e 

3&a..d4thrthe5thaDd«thnearal8,  >'^^  '"  '^'em  the  remnants  of  a 
and  the  8th  neural  and  the  post-  former  dermal  scries,  jtrobably 
nearal  elenienti ;  /,  the  poRt-nncbal  onco  common  to  all  turtles,  and 
*"™""''^-  going  far  to  explain  the  liomol- 

•  Kansaa  Univ.  Geol.  Survey,  vol.  iv.  p.  382  (1898). 


Figure   3. — Lateral 
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ogy  of  the  osteodermal  mosaic  of  Dermochelys  (6,  7).  Tlie 
present  is,  liowever,  the  first  time  that  tlie  entire  series  of 
ossicles  and  their  relation  to  tlie  successive  neurals  has  been 
determined.  As  may  be  judged  from  reference  to  the  several 
figures,  the  system  of  ossicles  may  really  be  a  much  changed 
and  disappearing  one.  The  first  neural  bears  a  small  but  very 
distinct  completely  fused  boss  near  its  middle,  and  then  forms 
the  beginning  of  the  dorsal  carina.  The  third  neural  which  is 
rather  short,  and  the  fourth  which  is  abnormally  long,  support 
a  large  epi-neural  spine.  This  occupies  all  the  median  poste- 
rior tliree-fourths  of  the  length  of  the  third  and  the  anterior 
fourth  of  the  length  of  the  fourth  neurals,  and  is  doubtless  the 
second  member  of  the  original  epi-neural  series.  The  second 
free  epi-neural  [or  third  of  the  original  series]  is  the  largest, 
and  is  equally  borne  by  the  fifth  and  sixth  neurals.  The  tnird 
free  epi-neural  [or  fourth  of  the  hypothetical  primitive  series] 
rests  over  the  ninth  member  of  the  neiiralia,  so  as  to  project 
slightly  forward  onto  the  eighth  and  well  backward  over  all 
the  anterior  half  of  the  post-neural  tenth.  This  latter  epi- 
neural  is  the  smallest  of  the  three  free  epi-neurals. 


Figure  4. — Toxochelys  Bauri  type,  xy,.  a,  Vertical  transverse  section 
throngh  the  second  nearal  showing  the  average  elevation  and  outline  of  the 
median  neural  carina.  6,  Vertical  transverse  section  throngh  anterior  end  of 
the  6th  neural,  and  the  epi-neural  spine  {h)  borne  on  this  and  the  5th  neurals. 

Whether  a  fifth  member  of  the  epi-neural  series  was  borne 
by  the  postero-pygal,  which  would  afford  the  symmetrical  posi- 
tion, is  of  course  conjectural  in  the  absence  of  this  latter 
member  of  the  median  series. 
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Whether  or  not  the  keels  of  the  marginalia  mark  the  fusion 
of  a  lateral  series  of  elements,  corresponding  to  the  epi-neurals, 
is  likewise  only  conjectural,  although  it  appears  that  some 
light  may  be  shed  on  the  subject  by  Proganochelys.  There  is 
however  some  uncertainty  as  to  the  number  of  marginals  and 
true  significance  of  the  peculiar  marginal  fringe  of  spines  in 
this  singularly  interesting  turtle  as  so  carefully  studied  by 
Fraas  (4)  from  material  recovered  under  conditions  unfavor- 
able to  the  exact  preservation  of  structural  details.  But  it  is 
also  a  most  interesting  and  suggestive  fact  that  small  ossicles 
are  irregularly  interpolated  between  the  lateral  marginals  of 
the  Cretaceous  Lytoloma^  as  small  triangular  elements  about 
I'S*^'"  on  each  side.  Such  are  shown  at  E,  E,  E  in  the  accompany- 
ing figure  5.  As  these  epi-marginal  ossicles  are  not  equally  pre- 
sent on  both  the  right  and  left  marginals  even  in  the  same 
individual  and  certainly  not  always  present  in  all  specimens  of 
Lytolovia  angy^ta^  they  would  at  first  sight  appear  to  be  of 
much  less  significance,  taken  by  themselves,  than  are  the  epi- 
neurals  of  Toxochelys.  Nevertheless  it  would  now  seem  that 
they  do  represent  a  disappearing  series  that  may  once  have 
invested  the  entire  margin  of  the  carapace.  If  so,  they  form 
one  of  the  most  impressive  examples  of  the  very  last  vestiges 
of  a  vanishing  series. 

The  truth  of  this  hypothesis  yet  remains  to  be  mainly  deter- 
mined by  fossil  evidence,  which  we  may  hope  ere  long  to  dis- 
cover, if  correct.  At  any  rate  it  is  extremely  interesting  and 
suggestive  to  find  further  traces  of  an  additional  osteodermal 
series  in  Lyotoloma^  whatever  may  be  the  homology  to  that  of 
Dennochelys. 

What  the  characteristic  number  of  elements  in  this  system 
as  developed  in  pre-Cretaceous  testudinates  was,  no  one  has 
yet  attempted  to  suggest.  Nor  is  it  possible  to  reach  a  safe 
conclusion  in  the  absence  of  further  paleontologic  evidence. 
It  would  appear  however  that  the  series  was  once  at  least  as 
complex  as  is  the  horn-shield  and  the  bony  plate  series,  and 
that  it  had  some  form  of  alternate  or  imbricate  relationship  to 
both  thciie  latter  systems.  Also,  if  the  osteodermal  mosaic  of 
Dermoclielys  arose  from  such  an  additional  dermal  series,  such 
origin  must  therefore  have  been  in  part  by  a  subdivision  pro- 
cess such  as  was  suggested  to  Baur  by  the  abnormal  breaking 
up  into  smaller  ossicles  along  the  edges  of  the  pleurals  observed 
by  him  in  Eretmochelys,  Such  a  subdivision  would  of  course 
follow  the  lines  of  the  original  system,  and  could  thus  very 
well  produce  the  carapacial  carina  seen  in  Derinochelys, 

It  should  be  especially  noted  in  this  connection  that  such  an 
hypothesis  for  the  more  primitive  origin  of  the  osteodermal 
mosaic  does  not  necessarily  imply  a  more  ancient  origin  for 
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Dermochelya  than  for  the  Cheloiiiidte,  and  tliat  its  correctiiesa 
would  not  necessarily  leave  Dermoehelys  the  moat  primitive 
of  turtles,  but  rather  the  most  specialized,  as  hitherto  heid  by 
JJaiir,  IJoIki,  and  tlie  writer.  As  stated,  only  new  fossil  evi- 
dence can  settle  the  very  interesting  qnestions  that  here  arise. 


FiGVR*:  S.— CarapHce  of  Lyioloma  ani/imla  from  the  Upper  Cretaoeons 
Qreeosand  of  Bamaboro,  Qloncester  Co..  New  Jersey.  K,  E,  E,  Epi-mar- 
ftinalH  respectively  borne  b.v  tbe  right  4th  and  5th.  Tith  aud  Uth,  and  the  left 
4th  and  5th  marginalia,  (Enough  marginiilB  are  present  in  the  original  ape- 
cimen— No.  6^5  of  the  Yale  Collection — to  determine  that  no  further  epi- 
marginala  accompanied  theae  three,  unleM  such  were  borue  anteriorly  to  Mie 
4th  marginals.)    Epi-nia^inals  are  not  always  preaent  in  L.  angunta. 

The.  pygal  region. — The  neural  scries  of  Tiixochelys  Bawri, 
excluding  of  courae  the  epi-iieiira!  ossicles,  agrees  with  that  of 
IlarileUa  thurgi  (1)  in  having  ten  elements,  in  tiie  nenral  row, 
— in  reality  an  interjiolated  element  between    the  normal  or 
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common  eighth  and  ninth  elements,  or  better  a  division  of  the 
ninth  or  post-nenral  region  of  the  median  series.  Unlike 
Hardella^  however,  the  pygal  is  not  single,  the  post-neural 
region  being  divided  into  an  antero-  and  postero-pygal,  as  in 
Osteopygh^  and  in  the  Cheloninse.  The  existence  and  outlines 
of  the  postero-pygal  are  indicated  by  the  conformation  of  the 
pleuralia  and  posterior  marginals,  together  with  the  posterior 
suture  of  the  antero-pygal  and  the  anterior  suture  of  the  pygal 
marginal,  which  are  quite  unlike.  From  these  sutural  borders 
it  is  also  quite  evident  that  the  heavy  median  keel  which 
evenly  traverses  all  the  length  of  the  antero-pygal,  finally  mn 
out  on  the  postero-pygal,  where  it  no  doubt  ended  as  a  distinct 
boss  like  that  of  the  first  neural,  which  would  perforce  repre- 
sent a  fused  fifth  member  of  the  median  or  epi-neural  ossicular 
system.  The  pygal  marginal,  in  correspondence  with  the 
strong  keels  of  the  marginals,  is  ornately  double-keeled.  The 
organization  of  this  region  has  not  hitherto  been  determined 
in  any  species  of  Toxoch^lys,  Both  Case  (2)  and  Hay  (6)  have 
figured  the  posterior  half  of  the  carapace  of  T.  {serrijer)  st&no- 
porus  type,  but  without  determining  the  sutures,  whether 
because  not  indicated  or  because  of  difficulty  of  interpretation 
not  being  stated  by  either.  A  distinct  difference  from  the 
present  specimen  is,  however,  obviously  present  in  the  postero- 
pygal  region. 

Synopsis  of  the  Characters  of  Toxochelys  Bauri  (type). 

Carapace, — Elliptical  to  elongate  in  outline  with  large  and 
persistent  pleuro-marginal  fontanelles;  composed  of  52  bony 
plates  and  3  additional  epi-neural  spinose  ossicles ;  numerical 
arrangement  of  parts  combining  the  general  alignment  and 
form  seen  in  the  Chelonine  Lytoloma  anqvsta  with  the  post- 
neural  arrangement  of  the  existing  Hardella  thurgi.  Surface 
finely  granulate  to  smooth,  and  horn-shield  sulci  not  apparent, 
save  for  notches  formed  by  the  posterior  border  of  the  mar- 
ginal keels.  (A  distinctly  leathery  hide  is  not,  however,  sup- 
posed to  be  present.)  Marginals,  11  pairs,  rather  narrow 
anteriorly,  increasing  very  slowly  in  breadth  to  the  11th,  which 
is  still  nearly  twice  as  long  as  broad,  outer  borders  all  the  way 
to  the  pygal  marginal  more  and  more  sharply  keeled  anterior 
to  the  indistinct  to  absent  horn-shield  sulci,  upper  and  nether 
surfaces  of  nearly  equal  area,  supported  by  rib-ends  only  with 
the  pits  of  the  plastral  digits  small  to  indistinct  and  extending 
from  the  3d  to  about  the  middle  of  the  7th ;  rib-pits  small, 
with  the  10th  marginal  ribless,  and  the  11th  supporting  the 
9th  rib  anteriorly  as  in  Chelone  and  Lytoloma, 

Nuchal  large  and  very  broad,  uniting  by  straight  sutures 
with  the  1st  neural  and  1st  pleurals,  between  which  are  formed 
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posteriorly  two  small  oval  fenesti-ae  ae  in  the  Trionycliids ; 
with  a  mlDute  (incipient)  nether  articular  projection  bnt  no 
costiform  procefses,     Nenralia  8   with  the  post-nenral  liipar- 


FiouftE  6. — Toxodieiga  Baun  (type)  K  HiipplemenUry  fignre  to  Plate 
X,  Hhowing  bj  Btippled  snrfacei  th«  parts  of  the  original  i:arapace  actnally 
recovtired.     (Lettering  as  in  figure  I.) 

tite,  oblonp;  to  hexagonal,  prominently  carinate  and  supporting 
the  three  large  epi-neural  spinusc  ossicles.  Antero-  and  poa- 
tei'o-pygal  nearly  as  in  LuMoma.  Plenralia  more  reduced 
than  in  either  Ckdone  or  Lytoloraa. 
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Plastron. — Of  the  ^me  Chelydroid  form  seen  iu 
and  Lytnlmna. 


FlOCRs  T. — Toxoehflgs  Baxtri  (type).  Heetoration  of  the  plastron,  x  1. — 
The  Btippled  surface  shows  the  portions  oE  the  hf  oplastron  (h)  and  the  hypo- 
plastrou  (hp)  actnall}!  recovered. — (The  epiptastron  and  entoplastron  is  only 
known  in  T,  (atiremis,  ct.  Q^re  8,  and  the  ziphiplastron  in  T.  aUnoporus.) 

Specific  Jielatiotiships. 

The  specitic  identity  of  the  Toi-ocheli/a  described  in  the 
foregoing  paires  with  any  of  the  known  species  of  the  geniiK 
cannot  Ite  afhrined,  as  appeare  from  the  following  analysis. — 
Five  wpecies  iiave  been  assigned  to  the  Niobraran  genus  Tgxo- 
chelijs  aw  first  established  by  Cope  in  1873,  namely:  T.  latire- 
mi«,  the  generic  tyi)e;  T.  serrifer.  Cope,  1875;  T.  br(u:/it/- 
rhin  us.  Case,  1898 ;  and  T,  proca.c  and  T.  stenoporus,  ae  pro- 
posed in  a  recent  revision  of  tbe  gonus  by  Hay  (8). 

Witli  T.  latiremis  as  close  a  comparison  as  desirable  is  not 
yet  afforded,  since  bnt  few  of  the  elements  of  the  carapace  and 
plastron  of  this  form  are  known.  It  appears,  however,  that 
the  nuchal  was  of  markedly  different  proportions  from  those 
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of  the  present  T.  Bauri,  m  may  be  noted  on  comparison  with 
a  nuchal  figured  by  Case.* 

Nor  is  tiiere  specific  agreement  with  tlie  nnchal  of  tlie  Yale 
S{)ecinien  I  referred  to,  T.  latiremis,  when  describing  the 
accompanying  flipper  (10).  Tiiis  niicbal  is  here  shown  in 
figure  8  for  the  sake  of  more  convenient  reference. 


T 


«j/ 


FlOUBE  8  — Toxochelyg  laiiremit  from  the  Niobrara  Cret*ceou9,  Gove 
CoDuty,  KaliHaB.    (\h1r  atression  list  2419.)      x  about  'j. 

NncheJ  with  the  attached  Qnt  mai^uals  uf  both  sides  hdcI  the  proximal 
half  of  the  ri);bt  second  margiaal,  together  irith  thn  accompanying  epi- 
plaatron. — Thiti  nuchal  bean  far  back  nearly  in  line  with  the  front  border 
of  the  large  cnrved  poetenor  notches  a  large  and  prominent  nether  process 
for  cervical  articulation. 

Although  true  that  the  general  fonn  vai-ies  in  turn  from 
that  just  noted  as  iigured  by  Case,  the  difierances  are  more 
easily  reconciled  within  specific  limits.  The  simple  fact  is 
that  in  no  previously  described  specimen  of  Toxorhehjs.  and 
in  no  other  scmi-nmrine,  or  marine  member  of  the  ClieJoniidee, 
do  we  observe  Trionychid-like  foramina  between  the  nuchal 
and  first  neiiitil  and  pleurals.  I  may  add  that  from  recent 
measurements  given  by  Hay  it  appears  that  amongst  the 
several  Toxochelyds  ?'.  hravhyrhinug  is  next  i-elated  to  ?'. 
latirtrmia  ;  and  there  is  a  question  in  ray  inind  if  the  former 
is  a  distinct  species,  the  difiereuces  in  cranial  proportion  from 
T.  latiremia  being  bo  slight  as  to  be  of  verv  doubtful  signifi- 
cance in  specimens  so  invariably  crushed  at  more  or  less  vary- 
ing angles  as  ai'e  the  Niobrara  fossils. 

With  the  skull  fragments  and  crushed  [9th]  left  marginal 
of  T.  serrifer  as  recently  figured  for  the  first  time  by  Hay  (8), 
I  am  unable  to  identify  the  present  iiandsome  specimen.  As 
the  horn-elnelds  of  T.  aei-rifcr  formed  a  very  deep  marginal 
notch  leading  into  a  pronounced  sulcus  (as  indicated  by  Hay), 
there  appear  to  be  distinct  differences.  It  is,  of  course,  one  of 
the  difhcultiea  of  vertebrate  paleontologists  that  species  based 
*  UnirMvitf  Geol.  Snrrej  of  Kanvu,  pi.  Ixiiii,  figure  8. 
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on  sucii  meager  skeletal  parts  accumulate  in  the  course  of 
time;  but  surely  we  are  permitted  little  diffidence  in  applying 
the  laws  of  priority  and  nomenclature  now  in  vogue  to  a  hand- 
some and  reasonably  complete  fossil  like  that  discussed  in  the 
present  paper.  Perhaps  tlie  day  is  not  distant  when  fragments 
will  be  merely  noted  within  generic  limits,  and  then  numbered 
and  laid  aside  for  a  certain  number  of  years  before  being 
arbitrarily  dignified  as  the  types  of  new  forms.  Assuredly 
such  a  method  would  simplify  the  study  of  extinct  faunae. 
The  extreme  difficulty  of  reaching  accurate  specific  identifica- 
tions after  most  painstaking  comparisons  and  study  of  descrip- 
tions primarily  based  on  fragmentary  material,  has  been  espe- 
cially brought  home  to  the  writer  in  his  consideration  of  the 
Upper  Cretaceous  Turtles  of  J^ew  Jersey,  and  he  has  great 
sympathy  with  Professor  Marsh's  oft  repeat^jd  contention  that 
the  types  of  extinct  vertebrates  ought  to  be  mainly  founded 
on  fairly  complete  forms. 

With  the  isolated  and  imperfect  skull  of  rather  large  and 
robust  form  named  2\  procax  by  Hay,  as  with  that  of  T. 
hrachyrhinus^  no  comparisons  are  afforded  by  the  material 
thus  far  obtained. 

From  T,  (aerrlfer)  8tenoporii8^  finally,  T,  Bauri  differs 
distinctly,  as  shown  by  comparison  with  the  posterior  half 
of  the  carapace  figured  by  Case.*  From  that  and  other 
specimens  of  T,  (serrifer)  stenoporus  the  present  fossil  differs 
in  being  of  a  larger  type  with  relatively  heavier  marginals 
and  larger  pleural  plates ;  also  in  the  much  more  pronounced 
sutural  union  of  the  postero-  and  marginalo-pygal,  which  is 
reduced  to  peg-like  junction  in  T,  {serrifer)  stenoporus. 

Systematic  Position  of  the  Genus  Toxochelys. 

Because  of  the  carapacial  organization  with  much  reduced 
pleurals  and  marginals,  as  well  as  certain  plastral  characters, 
all  suggesting  primitive  relationships  to  the  Cheloniidse,  it 
was  first  suggested  by  the  writer  on  his  discovery  of  the 
organization  of  the  front  leg:  ^^  Toxochelys  latiremis^  that  the 
Toxochelyds  do  not  justly  constitute  a  separate  family  of  tur- 
tles, Jis  proposed  by  Cope  and  held  by  ilay,  but  are  better 
classified  as  a  sub-family  of  the  Cheloniidae,  the  Toxochely- 
diuiij.  Recently  Ilay,  while  accepting  the  principle  that  the 
limbs  do  furnish  "a  test  of  the  correctness  of  this  disposition 
of  the  genus,"  interprets  the  evidence  differently  (7).  He  now 
reaches  the  conclusion  that  Wieland  misinterpreted  the  limbs 
of  2\  latiremus  (10),  and  that  these,  Jis  in  the  Trionychid 
Arnyda  splnifera^  were  merely  long  fingered  and  webbed, 

*  Kansas  Univ.  Qeol.  Sur.,  vol.  iv,  plate  Ixxxiii. 
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and  not  markedly  modified  for  marine  life,  so  that  ToxoehHys 
"  did  not  navigate  the  open  seas." 

In  support  of  his  contentious  Dr.  Hay  uses  a  percentual 
method  of  comparison  in  which  the  humerus  is  conveniently 
and  arbitrarily  considered  tlie  unit  in  terms  of  which  the 
length  of  the  digits  is  expressed.  This  very  eilective  means 
of  comparison  was  first  used  by  the  writer  in  the  case  of  forms 
in  other  ways  related,  and  is,  within  limits,  unquestionably 
useful  in  a  diagrammatic  sense.  But  Dr.  Ilay  now  mistakenly 
employs  it  in  a  far  wider  application  than  originally  contem- 
plated, when  he  reaches  direct  conclusions  as  to  the  front  limb 
of  Toxochelys  by  comparison  with  the  Trionyehid  Amyda 
spin  ifera^  thus  : — 


Arm. 

Fingers. 

Hameras.   Radins. 
Amyda           100         53 
Toxochelys     100         58 

Ulna. 
51 
50 

Ist. 
69 
51 

2d. 
90 
73 

3d.           4th. 

98          116 
100±      104± 

5th. 

98 
70  ± 

One  might  as  well  go  on  to  prove  that  the  "  hawks-bill," 
Eretmoehdys  imbrieata,  is  unable  to  "  navigate  the  open  seas  ". 
— For  similarly : 


Arm. 

Fingers. 

A 

HumeniB.    Radius.      Ulna. 

Ist. 

2d. 

3d.        4th. 

5th. 

Amyda               100           53           51 
Eretmochelya    100           53           44 

69 
49 

90 
89 

98        116 
128        105 

98 
44 

Whence  the  following  differences : 

Arm. 

Fingers. 

Hamems.  Radius.    Ulna. 

1st. 

2d. 

3d.      4th. 

5th. 

Amyda                ..         ..          +7 
Eretmochelys 

+  20 

+  1 

..      +11 
+  30      .. 

+  54 

It  is  clear  that  save  for  that  short  thumb  and  long  fourth 
finger  of  Eretmochelys^  were  this  an  extinct  form,  no  conclu- 
sive evidence  of  the  true  flipper  development  would  be  afforded 
by  such  measurements  as  the  above  when  considered  alone. 
For  it  is  a  noteworthy  fact  that  the  disparity  between  the 
thumb  and  fourth  finger  of  Amyda  is  +-*l:7  as  against  +-53  in 
Toxochelys^  and  +-5()  in  Eretinoclielys,  Yet  as  a  true  indi- 
cation of  unequal  finger  development,  instead  of  disparity 
between  only  the  short  first  and  the  long  third  and  lourtli 
fingers,  as  in  Eretmochelys^  there  was  in  Toxochelys  strong  dis- 
parity between  the  short  first  and  second  and  the  long  third 
andYourth  fingers.     There  was  also  ulnar  disparity. 

All  these  fundamental  numerical  relations  have  been  over- 
looked in  Dr.  Hay's  criticism.     He  entirely  ignores,  too,  the 
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fact  that  as  a  merely  web-footed  turtle  Toxochelys  would  have 
been  very  unlike  Amyda,  For  these  percentual  results  must 
always  be  considered  in  connection  with  the  humeral  changes 
in  the  direction  of  marine  forms,  which  are  indicated  in  the 
thalassoid  humerus  of  Toxochelys^  as  well  as  the  enlargement 
of  the  pisiform  to  nearly  the  same  size  as  in  Eretmochelys.  In 
short,  it  is  evident  that  Dr.  Hay  overlooked  important  factors 
and  that  his  views  are  untenable. 

When  I  originally  described  the  flipper  of  Toxochelys  I  was 
of  the  opinion  that  it  represented  the  most  primitive  form  yet 
discovered  that  could  be  called  more  distinctly  marine  than 
merely  natatorial,  long-lingered  and  web-footed  ;  and  now  that 
I  have  had  the  present  opportunity  to  briefly  reconsider  the 
subject  I  may  say  that  I  believe  this  interpretation  in  accord 
with  the  facts.* 

Dr.  Hay  "  readily  grants  that  the  fore  limb  of  Toxochelys 
had  entered  on  the  earlv  staores  of  those  modifications  which 
resulted  in  the  production  of  flippers."  But  as  clearly  enough 
indicated  by  the  facts,  much  more  modification  had  been  under- 
gone, and  the  foot  was  more  a  swimming  than  a  walking  one. 
Whether  the  third  to  fifth  fingers  were  encased  in  a  leathery 
hide,  or  still  retained  some  of  their  freedom  of  motion,  as  in 
distinctly  webbed  types,  is  open  to  some  question ;  but  never- 
theless finger  disparity,  reduction  of  the  3d-5th  claws,  pisiform 
enlargement  and  humeral  change  had  all  been  accomplished  to 
such  an  advanced  extent  that  the  limb  is  to  be  regarded  as  a 
flipper,  quite  admirably  fitting  Toxochelys  l^atireniis  to  range 
the  great  inland  Niobrara  Sea.  And  even  were  the  anatomical 
facts  of  less  certain  interpretation,  the  onus prohandi  would 
rest  on  him  who  asserted  the  non- marine  nature  of  those  turtles 
which  occur  so  widely  distributed  in  as  extensive  a  chalk  forma- 
tion of  indisputably  marine  origin  as  the  Niobrara  Cretaceous. 

It  is  very  evident,  therefore,  that  on  the  basis  of  limb  organ- 
ization I'oxochelys  is  a  member  of  the  Cheloniidae,  and  that  as 
proposed  by  the  writer  on  the  basis  of  the  general  organiza- 
tion, limb  structure,  and  relationships  the  genus  is  most  con- 
veniently placed  in  the  Chelonidan  sub-family  Toxochelydina^. 

As  a  concluding  word  it  may  be  added  for  the  sake  of  clear- 
ness that  no  great  diagnostic  significance  is  attached  to  the 
presence  of  the  epi-neural  ossicles, — certainly  not  if  they  are 
to  l)e  regarded  as  vestiges  of  a  disappearing  system,  likewise 
indicated  in  the  genus  Lytoloma  of  the  Cheloninee. 

Yale  Museum,  New  Haven,  Conn.,  Sept.  26,  1905. 

*  In  view  of  the  great  interest  of  the  subject  I  wiU  as  early  as  convenient 
retigure  the  flipper  of  Toxochelys  with  all  possible  care.  Dr.  Hay  is  also  of 
th6  opinion  that  the  great  turtles  of  the  Fort  Pierre,  and  perforce  the  Nio- 
brara Protostega  were  likewise  littoral  and  web-footed  rather  than  marine. 
As  will  be  incontestably  demonstrated  by  the  writer  in  a  forthcoming 
Memoir  of  the  Carnegie  Museum  of  Pittsburgh,  Protostega  and  Archelon 
were  powerfully  equipped  for  their  marine  habitat. 
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Measurements  of  Carapace  and  Plastron  of  Toxochelys  Bauri, 

(Yale  Museum  accession  list  2823.  Elements  disarticulated 
and  more  or  less  altered  in  form  by  crushing  in  matrix. 
Recovered  portions  as  shown  in  the  accompanying  figure  6  by 
the  stippled  surfaces.) 


Length  of  carapace  (estimated  to  within  1  or  2*^™ 

Breadth  of  carapace  ((greatest,    as    measured   across  the 
anterior  end  of  the  6th  neural) 


53*^'" 
40  + 


(«)  (6) 

Exact  length  Width  measured 

on  oater  edge  at  notch  of  the 

of  carapace,  homshield  sulci. 

Nuchal    12-0 

1st  marginal 6*0  2  5 

2d          "          5-0  2-5 

3d           "          5-9  2-8 

4th         "  6-0 

5th         "           6-5  2-8 

6th         "          7  0  3*3 

7th         "  7-5 

8th         "          8-0  4-5 

9th         "          7-5  4-5 

10th       "          7-0  4-5 

11th       *'          6-8  4-5 

Pygal  ...    7-0  4-5 


(The  thickness  and  transverse  sections  of  the  marginals  are 
approximately  the  same  as  in  Lytolonia  angusta.  Owing  to  the 
crushing  undergone  by  most  of  the  marginals  a  closer  approxi- 
mation cannot  readily  be  given.) 


Nuchal    

1  st  neural 

Length  on 
Median  line. 

5-5 

3-8 

Greatest 
width. 

14-5 
3-8 

2d       " 

4-4 

3-7 

3d       "      

4-4 

40 

4th     "       

46 

4-4 

5th      "      

3-4 

4-5 

6th      "      

5-0 

4-0 

7th      "      

40 

3-8 

8th      "      

2-5 

3-5 

9th      "        

1-5 

3-5 

(10th)"      

2-5 

3-4 

Antero-pygal 

(Postero-pygal) 

Marginalo-pygal   

4-5 

(3-5) 

4-5 

5-9 

(4-0) 

6-5 
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l8t  epi-neural  ossicle 3*5  1*7 

2(1  "  "       4-5  2-0 

3d  "  "      3-9  1-5 

(Thickuess  of  2d  neural  measured  through  carina,  1*4*'™.) 

(The  total  height  of  the  epi-neural  ossicles  is  respectively,  15, 
21,  and  15"™,  the  projection  above  the  carina,  9,  12,  and  9"".) 

(6) 
(a)  Length  of 

Length  posterior  (c) 

over  sntnral  Median 

curvature.  border.  width. 

Nuchal [10] 

1st  pleural 15-0  6*5  6-7 


n, 


> 


2d  "        18-5  8-4  5' 

3d  "        19-6  8-4  5-0 

4th  **        __  19-5  8-2  49 

5th  " 19-0  7-7  4-8 

6lh  "        17-6  6-9  4-5 

7lh  " 14-5  6-1  3-8 

8th  "         11-5  2-2  3-8 


(The  average  thickness  of  the  pleurals  is  60"™.  The  distance 
between  the  bases  of  the  rib-capitulae  of  the  7th  pleurals  is  4*"'. 
The  large  pi  euro-marginal  fontanelles  are  approximately  one- 
half,  or  more  than  one-half  the  length  of  the  pleurals  which  bound 
them.  The  hornshield  buici,  save  for  the  notched  marginals,  are 
indistinct.) 

The  Plastron.     (Cf.  figure  7.) 

Length  on  median  line 39±*^" 

Greatest  width 36db 

(With  added  width  of  the  inferior  faces  of  the  adjoining  mar- 
ginals, or  2^™  X  2,  this  measurement  yields  as  the  approximate 
breadth  of  the  carapace  40*^™.) 

Width  (on  antero-posterior  line)  of  the  marginalo- 

hyo-h ypoplasiral  fontanelle 5*0 

Length  of  hyo-hypoplastral  suture 6*3 

Least  width  of  the  hyo-hypoplastral  bridge ll'O 
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Art.  XXXVil. —  Contt^ihutions  to  the  Geology  of  JVew  Hamp- 
shire, [.  Geology  of  the  Belhiaj)  Mountains ;  by  L.  v. 
P1R8SON  and  II.  S.  Washington.     (With  Plate  XI.) 

Introductory  Note, — Our  object  in  this  paper  and  in  one  to 
follow  it  is  to  present  the  results  of  a  study  made  in  the  field 
and  in  the  laboratory  of  the  occurrence  and  characters  of  a 
group  of  i^rueous  rocks  from  a  locality  about  which  little  is 
known.  Our  field  work  was  done  in  two  visits  to  the  area  and 
covers  a  period  of  between  two  and  three  weeks,  durijig  which 
it  was  traversed  and  roughly  outlined  and  tiie  highest  peaks 
and  ridges  ascended.  This  was  sufficient  to  give  a  good  gen- 
eral idea  of  its  geology  and  of  the  various  rock  types.  In  the 
lack  of  a  suitable  base  map  on  a  sufficient  scale,  upon  which  to 
make  record,  more  detailed  and  careful  w^ork  was  not  war- 
ranted and  would  have  enabled  ns  to  add  little  of  interest  to 
the  general  results  presented  in  this  paper.  The  map  used 
and  upon  which  our  results  are  given  is  taken  from  that  accom- 
panying the  Hitchcock  Survey,  referred  to  later,  and  which 
we  have  modified  to  some  extent.  The  topography  is  more  or 
less  generalized  and  in  places  somewhat  inaccurate,  but  it  is 
the  only  one  showing  topography  of  which  we  have  any  knowl- 
edge and  it  has  served  as  the  basis  of  several  topographic  maps 
since  published  for  the  use  of  tourists  which  we  have  also  con- 
sulted. 

Location    and   Geography. 

The  Belknap  Mountains  form  an  elevated  tract  south  and 
west  of  Lake  \Yinnepesaukee  in  New  Hampshire  and  lying 
in  the  townships  of  Gilford,  Alton  and  Gilmanton.  Although 
they  are  sometimes  referred  to  as  the  "Belknap  Range"  they 
do  not  form  a  mountain  range  of  the  anticlinal  type,  being  the 
irregular,  eroded  upper  portion  of  a  great  intrusion  of  igneous 
rocK  of  a  generally  granitic  character.  In  its  greatest  length, 
which  is  northwest  and  southeast,  the  mountain  tract  extends 
about  eleven  miles  and  its  width  at  the  broadest  point  east  and 
west  is  about  six  miles.  In  shape  the  mass  is  triangular,  the 
long  side  facing  the  west  composed  of  the  main  ridge  which  car- 
ries the  highest  summits,  while  an  eastward  extension  produces 
the  triangular  shape.  At  the  eastern  end  of  the  triangle  there 
is  an  (extension  running  southward.  On  the  north  and  east 
sides  the  sloi)cs  descend  into  Lake  Winnepesaukee ;  on  the 
w^est  and  south  into  a  much  lower,  irregularly  hilly  country. 
The  draina<;e  on  the  west  is  carried  off  bv  the  Gunstock  River, 
which  in  its  course  of  about  six  miles  runs  due  north  at  the 
foot  of  the  mountain  slopes  in  a  valley  cut  along  the  contact 
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zone  of  the  igneous  rock  mass.  On  the  south  the  drainage  is 
less  clearly  defined  and  is  carried  off  througli  a  series  of  small 
lakes  which  empty  to  the  southward.  On  the  other  sides 
small  brooks  run  into  the  lake.  The  mountains  are  quite  gen- 
erally covered  with  trees  and  brushwood  on  the  steeper  slopes; 
below  these  are  generally  open  pasture  fields,  and  the  highest 
crests  and  summits  are  more  or  less  bare  rock  exposures  with 
small  meadows  between  them.  At  the  foot  of  the  eastern  and 
northern  slopes,  along  the  shore  of  Lake  Winnepesaukee,  runs 
the  Lake  Shore  Tlailroad,  a  branch  of  the  Boston  and  Maine 
Railway  system,  which  ends  at  Lakeport-Laconia.  These 
towns  with  Alton  Bay  at  the  south  end  of  the  lake  and  the  vil- 
lage of  Gilford  are  the  most  important  places  in  the  vicinity 
of  the  mountains,  although  the  shore  of  the  lake  at  their  foot 
is  thickly  dotted  with  summer  cottages  and  places  of  resort. 
Around  them  elsewhere  is  an  open  farming  country  and  the 
high  valley  between  the  northern  extension  and  the  eastward 
one  of  Mount  Straightback  is  also  a  cultivated  area  reached 
by  a  road  over  the  mountains  from  Gilford  to  West  Alton. 

Historical. — The  only  reference  in  the  literature  to  the 
geology  of  the  Belknap  Mountains  which  we  have  been  able 
to  find  is  the  short  description  by  Hitchcock.*  Tie  states  that 
the  mountains  are  composed  of  eruptive  syenite  similar  to  that 
of  Red  Hill  in  Moultonbo rough.  He  describes  briefiy  a  few 
localities,  and  mentions  that  in  places  it  is  in  contact  with 
porphyritic  gneiss  and  mica  schist.  He  thinks  that  the  syenite 
lias  come  up  througli  a  synclinal  fault.  Near  the  contact  with  the 
porphyritic  gneiss  it  is  i)recciated  and  full  of  dark  hornblendic 
spots.  He  alludes  to  a  ''trap"  dike  ten  feet  wide  cutting  the 
syenite  in  one  place,  and  says  that  reddish  feldspathic  veins  are 
common.  This  is  an  evident  reference  to  one  of  the  lampro- 
phyric  dikes  and  the  felsitic  ones.  He  also  refers  to  a  breccia 
which  is  found  in  one  locality,  the  coarser  syenites  occurring 
as  nodules  in  a  rock  resembling  trap.  Tlie  mass  of  diorite 
(camptonose)  rock  above  the  Gilford  station  on  the  lower  west 
slope  of  Locke's  Hill  is  not  mentioned  and  was  probal>ly  not 
seen  by  him.  In  Ilawes'f  report  the  rocks  of  this  area  are  not 
mentioned,  although  he  describes  the  syenite  of  Red  Hill. 

Geology  of  the  Belknap  Mountains. 

The  Belknap  Mountains  are  formed  of  a  mass  of  granitic 
igneous  rock,  the  result  of  the  upthrust  of  a  great  body  of 
molten  magma  into  the  rock  masses  surrounding  it,  the  latter 
being  broken  and  displaced  to  permit  of  its  entry.  In  sequence 
to  this  major  event  there  were  later  upthrusts  of  other  magmas 

*  (Jeology  of  New  Hampshire,  vol.  ii,  p.  607,  1877. 
t  Lithology  of  New  Hampshire,  loc.  cit.,  vol.  iii. 
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of  different  composition  in  small  amounts  which  now  appear  as 
accompanying  intrusive  masses  and  dikes.  Since  then  the 
superincumbent  rocks  have  been  removed  by  loujar-continued 
erosion,  which  has  also  bitten  deeply  into  the  igneous  mass  as 
well,  but  this  has  resisted  better  than  those  which  surround 
it,  and  in  consequence  the  igneous  stock  now  projects  as  a 
rough  mountain  tract.  Lastly,  much  matei'ial  was  removed  at 
the  time  of  the  glacial  invasion  and  the  rock  surfaces  left 
scored  and  polished. 

Th€  enclosing  rocks. — These  are  mostly  gneisses  and  mica 
schists,  rocks  of  metamorphic  character.  Although  they  do 
not  especially  concern  us  in  this  paper,  a  word  or  two  may  be 
added  regarding  them.  On  the  eastern  side  the  contact  is  with 
a  heavy  solid  gneiss,  comjK)sed  of  quartz,  alkali  feldspars  and 
biotite,  and  often  carrying  red  garnets.  In  its  texture  it  is 
rather  irregular,  not  presenting  that  evenness  of  aspect  fre- 
quently shown  by  gneissoid  granites,  and  it  is  possible  that 
detailed  study  in  the  future  may  show  that  it  is  of  sedimentary 
origin.  It  has  a  wide  extension  in  this  general  region  and  has 
been  called  the  Winnepesaukee  gneiss  by  the  Hitchcock  Survey. 

In  Mount  Major  and  Pine  Mountain  are  two  small  masses 
of  a  porphyritic  granite  as  shown  on  the  map  of  the  Hitch- 
cock survey.  In  their  report  it  is  spoken  of  as  the  porphyritic 
gneiss.  It  covers  a  large  area  to  the  north  of  this  region,  where 
we  have  seen  and  studied  it  to  some  extent.  Ey  its  general 
characters,  contact  modifications,  etc.,  it  is  clearly  an  igneous 
rock — a  granite  w^hich  carries  large,  often  huge,  phenocrysts 
of  orthoclase.  It  occure  in  other  parts  of  New  England  and 
is  a  type  worthy  of  especial  study.  It  sometimes  has  a  pro- 
nounced fi^ieissoid  structure  which  evidently  is  often  a  fluxion 
texture,  at  other  times  it  is  due  to  dynamic  shearing  and  in 
some  places  it  is  quite  devoid  of  any  gneissic  character. 

On  the  west  and  south  the  Belknap  massif  is  in  contact  with 
micaceous  gneisses,  micaceous  slates  colored  dark  with  organic 
matter  and  iron  ore  and  with  mica  schist  rocks  evidently  of 
sedimentary  origin.  The  l)oundaries  and  names  of  these  forma- 
tions are  those  given  on  the  Hitchcock  map.  The  lack  of 
printed  symbols  on  this  map  connecting  the  legend  with  the 
outlined  areas  and  the  great  similarity  of  colors  makes  it 
exceedingly  difficult,  in  many  cases  impossible,  to  determine 
what  some  of  these  areas  are  meant  to  be,  nor  does  the  text 
afford  much  help  in  this  direction.  The  formations  are  men- 
tioned in  many  places,  but  there  is  no  definite  description  of 
them  ^iven  in  a  svstematic  manner  by  which  their  characters 
may  be  recognized.  From  what  is  stated,*  however,  we  con- 
clude that  the  rocks  on  the  west  belonu:  to  the  Montalban  series 

*  Op.  cit.,  vol.  ii.  p.  600. 
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of  Hitchcock,  and  they  are  so  designated  on  the  map.  Where 
we  have  seen  them  they  are  mostly  gray  micaceous  gneisses 
and  mica  schists. 

Oeol^gy  of  the  main  mass. — The  greater  part  of  the  moun- 
tain group  is  made  up  of  a  coarse-grained  hornblende  syenite, 
a  hornhlende-grano-pulaslcose  in  the  new  classification,  whose 
characters  will  be  given  in  a  succeeding  petrographical  paper. 
It  is  this  rock  which  composes  the  mass  of  Mt.  Gunstock,  of 
Mt.  Belknap  the  peak  next  north  of  it  and  of  the  northern 
extension  in  Locke's  Hill.  It  occurs  also  in  the  ledges  exposed 
on  the  higher  part  of  the  road  from  Gilford  to  West  Alton, 
where  it  crosses  over  the  mountain.  It  also  forms  the  higher 
parts  of  Piper  Mountain  south  of  Gunstock  Peak,  and  it  runs 
over  towards  Mt.  Straightback.  In  Piper  Mountain  it  assumes 
a  somewhat  porphyritic  character.  It  is  seen  on  the  sides  and 
crests  of  the  main  elevations  in  massive  outcrops  and  exposures 
often  several  hundred  feet  across  and  is  thus  thoroughly  laid 
bare.  These  surfaces  show  everywhere  the  planing  and 
smoothing  of  glaciation.  In  none  of  them  did  we  find  the 
rock  perfectly  firm  and  unchanged.  Everywhere  its  color 
ranges  from  a  reddish  to  brownish,  it  tends  to  crumble  under 
the  nammer  and  in  places  it  is  loose  and  crumbling  into  coarse 
gravel.  The  chemical  analysis  shows  however  that  this  is  not 
due  to  any  chemical  alteration  of  the  constituent  minerals,  but 
to  mechanical  disintegration  from  the  action  of  frost  and 
weathering,  which  have  tended  to  loosen  the  texture  of  the 
rock.  Blasting  would  probably  reveal  excellent  material  at  a 
few  feet  below  the  surface.  We  did  not  find  any  quarry  open- 
ings in  this  rock-material ;  it  is  in  general  too  high  above  the 
zone  of  cultivation  to  have  made  such  work  necessary.  In 
only  one  place  did  we  find  this  type  at  the  contact  zone  against 
the  older  rocks,  on  the  southwest  slope  of  Locke's  Ilill  in  a 
little  ravine  where  it  is  in  contact  with  mica  schist.  It  is  here 
rather  coarse,  altered  and  not  of  typical  coinposition. 

Contact  faci^^  of  jine-g mined  granite, — With  the  exception 
just  mentioned,  in  all  localities  examined  by  us,  we  have 
found  that  at  the  contact  with  the  enclosing  rocks,  not  the 
syenite  but  a  fine-grained  granite  {grano-liparose)  is  present. 
The  lower  slopes  where  the  actual  ccjntact  lies  are  in  general 
so  covered  with  glacial  drift  and  soil,  often  with  a  more  or  less 
dense  growth  of  vegetation,  that  it  is  masked  and  rarely  seen, 
but  immediately  above  where  it  should  be  this  granite  appears 
and  beyond  and  above  it  the  syenite.  This  we  found  to  be  the 
case  in  a  number  of  places  on  different  sides  of  the  mass,  so 
for  example  at  the  west  foot  of  Mt.  Gunstock,  the  west  and 
south  slopes  of  Piper  Mountain,  the  nortiieast  foot  of  Locke's 
Hill,  at  West  Alton  and  on  the  southern  prolongation  of  the 
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mass  northeast  of  Hill's  Pond.  Hitchcock's  description  also 
gives  clear  indications  of  the  same  thing  in  other  localities  not 
visited  by  ns.  One  of  the  best  localities  for  the  study  of  the 
contact  that  was  seen  by  us  is  at  the  foot  of  the  west  slopes 
running  down  from  the  north  end  of  Piper  Mountain  in  the 
pasture  fields  south  of  Morrill's  farm,  where  the  path,  by  which 
Mt.  Gunstock  is  generally  ascended,  begins.  The  mica 
schists  and  other  rocks,  which  we  infer  make  the  formation 
shown  by  Hitchcock  on  his  map  as  the  Montalban,  are  full  of 

Eegmatite  and  fine  granite  stringers  and  dikelets  and  appear  to 
e  enriched  in  feldspar.  As  the"  contact  is  approached  they 
change  to  a  fine  dark-gray  gneiss  which  is  cut  by  fine  granite 
dikes.  Higher  up  appears  the  syenite  itself.  The  attitude 
and  characters  of  the  gneisses  are  such  that  they  indicate  quite 
clearly  that  they  lie,  thinning  out  toward  the  mountain,  upon  a 
rising  slope  of  the  igneous  rock  below  and  that  the  contact 
plane  is  therefore  here  not  vertical  but  dipping  away  from  the 
mountain.  The  syenite  from  the  slopes  above  is  that  of  the 
main  type  but  finer-grained.  At  the  south  end  of  Piper  Moun- 
tain the  bordering  granite  has  a  faint  but  distinct  gneissoid 
appearance.  It  is  also  to  be  noted  that  these  bordering  masses 
of  granite  are  generally  filled  with  spots  and  streaks  of  varia- 
ble size  of  darker  inclusions,  which  are  no  doubt  fragments  of 
the  country  rock  thoroughly  altered  by  immersion  in  the 
magma. 

It  appears  to  us  that  the  best  explanation  for  these  fringing 

?;ranite  masses  is  to  consider  them  a  differentiated  border 
acies,  an  endomorphic  contact  modification  of  the  main  type. 
They  may  not  exist  everywhere,  but  they  have  been  so  gener- 
ally found  on  different  sides,  as  seen  by  ourselves  and  indicated 
by  Hitchcock,  that  the  phenomenon  seems  difficult  of  explana- 
tion on  any  other  basis.  It  is  true  that  we  have  not  been  able 
on  continuous  exposures  to  trace  the  gradual  merging  of  the 
granite  into  the  syenite,  because  this  should  be  done  on  the 
lower  slopes,  and  for  reasons  giv^en  above  these  do  not  afford 
proj)er  exposures  for  this  purpose.  We  cannot  affirm  then 
positively  that  these  arc  not  a  series  of  later  eruptions  which 
have  broken  out  around  the  border  of  the  previously  intruded 
syenite,  but  in  view  of  their  disposition  such  an  explanation 
seems  unnatural,  and  especially  so  since  they  do  not  exhibit  cer- 
tain phenomena  shown  by  an  undoubted  later  intrusion  of 
granitic  magma  on  the  western  slope  of  Locke's  Hjll,  which 
\vill  be  presently  described.  From  the  facts  at  our  command, 
therefore,  we  are  inclined  to  think  the  first  explanation  the 
more  reasonable  one  and  to  regard  the  granite  as  a  differen- 
tiated border  mantle  of  the  syenite.  AVe  also  do  not  regard 
the  granite  border  as  having  been  produced  by  the  melting  up 
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and  absorption  of  the  country  rock  with  which  the  mass  of 
syenite  magma  came  in  contact  for  two  sufficient  and  convinc- 
ing reasons.  First,  because  as  ah'eady  shown,  the  surrounding 
rocks  differ  widely  iTi  character  and  in  cliemical  composition  in 
different  places,  while  the  granite  border  maintains  every  where 
essentially  tlie  same  characters,  and  second,  because  in  many 
places  inclusions  of  the  country  rock  are  to  be  seen  in  it  which, 
without  i-egard  to  size,  preserve  all  the  sharpness  and  angularity 
of  their  original  fragmentary  form,  thus  showing  that,  although 
they  have  been  much  metamorphosed,  melting  of  them  did 
not  occur.  On  the  highest  peaks  and  ridges  and  in  the  deepest 
erosive  cuts  into  the  mass  it  has  been  worn  away  and  the  main 
type  of  syenite  appears.  Its  thickness  was  quite  variable,  and 
in  a  few  places  it  did  not  appear  at  all.  The  line  between  the 
syenite  and  granite  as  shown  on  the  geological  map  is  therefore 
to  be  taken  as  a  generalized  expression  of  the  existence  of  the 
two  types  and  not  as  a  definite  geological  boundary  line,  since 
for  reasons  just  given  this  could  not  be  definitely  cletermined. 

Gilford  diorite  area. — On  our  first  visit  to  the  regicm  we 
found  quite  abundantly  distributed  in  the  form  of  bowlders 
in  the  fields  and  stone  walls  of  the  fences  along  the  higher  part 
of  the  land  from  Gilford  over  to  West  Alton,  a  most  peculiar 
dark  rock  composed  of  large  dark-brown  hornblendes  poikiliti- 
cally  enclosing  ophitic  feldspars.  In  field  usage  it  is  here 
called  a  diorite  for  purposes  of  geologic  description  ;  j)etro- 
graphically  it  is,  as  will  be  shown  later,  a  grano-hornblende- 
camptonose,  or  in  the  older  systems  an  essexite.  On  our 
second  visit  an  especial  search  was  made  to  locate  if  possil)le 
the  occurrence  of  this  type,  and  it  was  found  to  constitute  a 
considerable  mass  on  the  lower  west  slope  of  Locke's  Hill  and 
not  far  from  the  Gilford  station  on  the  railwav.  Its  area  is 
small,  probably  not  over  half  a  mile  in  length  north  and  south 
along  tlie  slope  and  less  than  that  in  breadth.  On  the  north  it 
rises  in  heavy  ledges  above  a  little  spring  drainage  and  on  the 
west  its  lower  slopes  are  covered  with  soil  and  debris,  but 
above  this  it  forms  a  rather  well-defined  bench  on  the  lower 
mountain  side  and  in  rather  prominent  outcrops  it  is  seen 
everywhere  over  the  pasture  fields  which  lie  upon  it.  On  the 
south  it  descends  into  a  little  ravine,  a  localitv  mentioned 
above  in  connection  with  the  syenite,  and  is  here  in  contact 
with  the  mica  schists  and  gneisses.  Its  up|)er  edge  is  in  con- 
tact with  the  syenite,  but  the  actual  contact  was  everywhere 
covered  so  far  as  we  could  discover.  We  have  traced  it,  how- 
ever, to  within  ar  few  yards  distance,  and  it  is  then  observed 
that  the  rock  diminishes  very  strikingly  in  the  size  of  its  grain, 
especially  so  with  regard  to  the  large  poikilitic  hornblendes, 
and  for  this  reason  and  others  to  be  mentioned  later  we  believe 


350     Pirason  and  Washington — Geology  of  New  Ilampshh^e, 

it  to  be  a  later  intrusion  than  the  syenite  and  tliat  it  has  broken 
up  alongside  of  it.  The  upper  contact  with  the  syenite  is, 
however,  largely  replaced  by  a  remarkable  breccia  zone  to  be 
presently  described.  This  rock  varies  considerably  in  charac- 
ters from  place  to  place,  as  will  be  described  in  a  succeeding 
petrographic  paper. 

Breccia  zone, — As  just  mentioned,  the  contact  between  the 
diorite  and  syenite  above  is  occupied  by  a  brecciated  rock  mass. 
The  cement  is  a  quartz-alkali  feldspar  rock  much  like  the 
granite  facies  previously  described ;  it  has  a  sugar  granular 
texture,  and  is  of  the  character  of  rocks  designated  as  apHtes. 
In  this  are  thickly  scattered  blocks  of  all  sizes,  which  may 
attain  an  extreme  dimension  of  four  feet  in  length  but  which 
average,  perhaps  a  foot  or  two  in  diameter  and  descend  from 
this  size  to  minute  fragments  of  a  fraction  of  an  inch.  In 
some  places  they  are  so  thickly  crowded  that  their  mass  is 
much  greater  than  that  of  the  cement.  In  shape  they  are 
usually  extremely  angular  and  the  sharpness  of  the  angles  has 
been  perfectly  preserved.  In  other  cases  they  appear  some- 
what rounded  as  if  partially  melted,  and  are  surrounded  by 
darker  aureoles  richer  in  ferromagnesian  minerals.  It  is 
remarkable,  on  the  other  hand,  how  some  of  the  smallest  frag- 
ments retain  in  some  cases  all  their  distinctness  of  outline. 
There  are  several  different  types  of  rocks  among  these  included 
fragments.  One  common  one  is  a  dense  black  basaltic-looking 
type  too  compact  for  the  component  minerals  to  be  seen,  in 
which  lie  phenocrysts  of  mica  and  other  minerals — a  rock  of 
well  defined  lamprophyric  character.  Other  fragments  are  of 
the  diorite  mentioned  above,  while  others  are  obviously  pieces 
of  gneisses  and  schists. 

The  determination  of  the  relative  age  of  this  breccia  and  of 
the  syenite  and  diorite  is  not  easy.  It  would  be  simple  to 
imagine  that  the  latter  is  the  older  rock,  that  the  syenite  with 
its  granite  border  broke  up  alongside  of  it  enclosing  masses  of 
femic  rock.  If  this  view  is  adopted,  then  the  basaltic,  lampro- 
phyric and  granitic  and  felsitic  dikes  which  cut  the  syenite 
must  of  course  be  separate  and  later  intrusions  and  there  would 
be  four  periods  of  eruption,  in  two  of  w^hich,  those  of  the 
diorite  and  the  lamprophyric  dikes,  similar  magmas  were  pro- 
duced. The  oldest  rock,  the  diorite,  is  then  also  the  most  dif- 
ferentiated one,  a  fact  contrary  to  general  experience.  Con- 
sidering these  points,  we  are  inclined  to  believe  the  syenite  the 
first  and  oldest,  to  place  the  eruption  of  the  diorite  next,  which 
would  al>o  explain  the  distinct  endomorphic  contact  modifica- 
tion it  exhibits  toward  the  syenite  and  make  it  contemporane- 
ous with  the  lamprophyric  dikes.  Then  came  an  eruption  of 
granitic  magmas,  whicli  also  forms  dikes  in  the  syenite,  one  of 
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which  broke  up  at  the  border  of  the  diorite,  involving  masses 
of  it  in  its  various  modifications  and  thus  produced  the  breccia. 
If  this  view  is  adopted,  there  are  but  three  periods  of  eruption 
and  they  follow  the  normal  course  commonly  seen  in  such 
cases. 

Dikes. — It  has  been  observed  by  us  that  wherever  the  main 
tvpes  of  igneous  rocks  are  exposed  over  considerable  areas  in 
this  mountain  tract  they  are  commonly  cut  by  dikes,  and  the 
same  is  true  of  the  border  zone  of  the  enclosing  schists  and 
gneisses.  Except,  however,  in  the  highest  parts  of  the  moun- 
tains, such  exposures  are  not  very  common  nor  are  they  of 
great  size.  It  seems  probable,  therefore,  that  only  a  very  small 
part  of  the  dikes  actually  present  in  the  region  has  been  seen 
by  us,  the  greater  part  being  covered  up  by  the  heavy  mautle  of 
debris  and  glacial  drift. 

As  is  so  often  the  case  when  the  dikes  are  found  to  be  a 
throng  of  satellites  attendant  upon  a  large  body  of  igneous 
rock,  they  may  be  readily  referred  to  two  strongly  contrasted 
groups.  In  one  of  these  the  rocks  arc  light  colored,  strongly 
persalic  and  therefore  almost  devoid  of  ferromagnesian  min- 
erals; in  the  second  the  rocks  are  dark  colored,  salfemic, 
heavy  and  composed  in  very  large,  if  not  for  the  greater  part, 
of  ferromagnesian  minerals.  They  are  persalanes  and  salfe- 
manes  in  the  new  classification  or  aplites  and  camptouites  in  the 
older  ones. 

The  persalajie  dikes  are  found  cutting  the  main  syenite  in 
all  directions,  of  a  generally  pink  color  and  varying  in  size 
from  dikelets  but  a  few  inches  in  breadth  to  masses  twenty  feet 
wide.  The  bare  exposed  slopes  and  ledges  of  the  uj)per  part 
of  Mt.  Belknap  were  found  cut  by  them  in  great  abundance 
and  it  was  here  noticed  that  they  often  ended  abruptly  and 
appeared  as  if  somewhat  elongated  roughly  lenticular  masses. 
They  were  often  branched,  were  connected  with  others,  anasta- 
mosed  or  formed  reticulated  systems,  large  and  small  together. 
Their  small  angular  chippy  jointing,  light  color  on  the  weath- 
ered surface  and  flinty  felsitic  aspect  clearly  distinguished 
them  from  the  massive  granular  rock  they  cut.  These  same 
characters  were  found  repeated  on  the  exposed  surfaces  of 
Mt.  Gunstock  and  Mt.  Piper,  and  in  one  place,  about  half 
way  up  Mt.  Gunstock  from  Morrill's  house,  on  the  west  slope 
above  the  spring,  the  ledges  in  a  pasture  field  on  an  open 
shoulder  of  the  mountain  were  found  cut  by  a  dike  of  this 
nature  15-20  feet  in  width  and  with  north  and  south  trend. 
It  was  also  found  that  where  the  contact  zone  was  exposed  at 
the  foot  of  the  mountain  slopes,  a.s  along  the  west  side  in  the 
localities  described  above,  that  both  the  igneous  rock  and  the 
enclosing  schists  and  gneisses  were  cut  by  dikes  and  stringers 


352     Pirsson  and  Washington — Geology  of  New  Hampshire. 

of  persalic  rock.  While  in  the  crest  of  the  ridges  and  in  the 
peaks  these  dikes  vary  in  texture  from  dense  felsitic  to  sugar 
granular  granites,  in  the  contact  zone  we  observed  only  the 
latter,  and  they  sometimes  pass  into  varieties  with  pegmatoid 
texture. 

With  only  a  few  exceptions  all  of  these  occurrences  are  on 
too  small  a  scale  to  be  shown  on  the  map.  The  salfemane 
dikes  were  not  nearly  so  numerous,  l)ut  on  account  of  the  con- 
trast made  by  their  dark  color  appear  more  distinctly  defined. 
They  were  also  observed  cutting  the  exposed  rock  surfaces  on 
the  tops  of  the  mountains;  there  are  several  below  the  summit 
of  Mt.  Belknap  on  the  southwest  side  and  one  six  feet  wide 
with  porphyritic  feldspars  cuts  the  very  highest  point  of  the 
peak  witli  east  and  west  trend.  Three  or  four  of  about  the 
same  size  were  found  on  the  top  of  Mt.  Gunstock  and  they 
were  likewise  observed  on  the  crest  of  Mt.  Piper.  The 
lower  slopes  of  the  mountains  are  probably  cut  by  them  also, 
but  the  masses  of  debris  and  vegetation  which  cover  them  hide 
the  exposures  in  which  they  might  be  seen. 

They  occur  also  in  the  surrounding  rock  masses  in  which  the 
intrusion  took  place.  Here  again  the  exposures  are  difficult  to 
find,  but  one  place,  Sander's  Neck,  a  small  promontory  on  the 
shore  of  the  lake  nortli  of  the  mountains,  presents  considerable 
areas  of  tho  glaciated  gneisses,  and  these  we  found  traversed 
by  several  intersecting  dikes  of  these  salfemic  rocks.  As  usual 
they  were  but  a  few  feet  in  width.  They  occur  in  the  mica 
schists  which  are  exposed  at  the  foot  of  the  lower  west  slopes 
of  Mt.  (lunstock  and  Mt.  Piper,  and  from  what  we  have 
observed  around  the  similar  intrusive  mass  of  Red  Hill  north 
of  the  lake,  it  seems  probable  that  a  more  detailed  study  of  the 
surrounding  region  would  show  a  considerable  number  of  them 
extending  to  relatively  long  distances  from  the  central  parent 
mass.  Some  of  those  mentioned  above  are  shown  on  the 
accompanying  map. 

New  Haven,  Conn.,  and  Locust,  N.  J.,  May,  1905. 
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Art.  XXXVIII. — The  Fauna  of  the  Chazy  Limestone  /*  by 

Percy  E.  Kaymond. 

Introduction, 

In  several  papers  on  the  Chazy  limestone,  Brainerd  and 
Seely  have  given  sections  showing  the  lithological  characters 
and  thickness  of  the  locks  at  various  localities  from  Chazv, 
New  York,  south  to  Orwell,  Vermont. f  These  authors  have 
divided  the  formation  into  three  parts,  A,  B,  and  C,  of  which 
A  is  the  base  and  C  the  top.  These  divisions  arc  founded 
partly  on  lithoiogic  and  partly  on  paleontologic  grounds.  Only 
a  few  species  of  fossils,  however,  were  listed ;  hence  it  has 
been  the  object  of  the  present  writer  to  ascertain  which  are 
tiie  common  species  in  tiie  Chazy,  and  to  learn  their  strati- 
graphic  and  geographic  distribution.  For  this  purpose, 
detailed  sections  iiave  been  made  at  Crown  Point,  Valcour 
Island,  and  Chazy,  and  extensive  collections  have  been  obtained 
at  other  places  in  the  Chaniplain  and  Ottawa  valleys.  The 
sections  will  be  fully  described  in  the  Annals  of  the  Carnegie 
Museum.  In  this  place,  however,  only  a  synopsis  of  each  is 
given. 

Distribution. 

The  Chazy  formation  was  named  by  Ebenezer  Emmons;}: 
from  the  outcrops  studied  by  him  at  Chazy  village.  New  Yor  k, 
this  locality,  therefore,  becoming  the  typical  one  for  the 
formation. 

In  stratigraphic  position,  the  Chazy  overlies  the  Beekman- 
town  (Calciferous)  and  underlies  the  Lowville  (Birdseye) 
member  of  the  Mohawkian.  It  mav  be  traced  from  Orwell, 
Vermont  (along  the  Champlain  Valley),  to  Joliette,  north  of 
Montreal,  Canada.  In  the  Ottawa  Valley,  it  extends  from 
Hawksbury  west  to  xVllumette  Island,  SO  miles  northwest  of 
Ottawa.  The  formation  is  seen  again  at  the  Mingan  Islands 
in  the  St.  Lawrence,  where  it  covers  a  small  area. 

In  the  Lake  Champlain  region,  these  strata  are  mostly  lime- 
stone, and  the  thickness  ranges  from  fJO  feet  at  Orwell  to  890 

*  Abstract  of  part  of  a  thesis  presented  to  the  Faculty  of  the  Yale  Uni- 
versity Graduate  School  for  the  degree  of  Doctor  of  Philosophy.  The 
detailed  paper,  with  fuU  discussion  and  iUustration  of  species,  will  be  pub- 
lished in  early  numbers  of  the  Annals  of  the  Camegio  Museum.  For  descrip- 
tion of  the  trilobites  here  mentioned,  see  Anuals  of  the  Carnegie  Museum, 
▼ol.  iii,  p.  828,  and  this  Journal,  vol.  xix,  p.  377.  Other  new  forms  noted  in 
the  text  are  described  at  the  end  of  the  present  paper. 

f  Amer.  Geol.,  vol.  ii,  p.  323,  1888;  Bull.  Geol.  Soc.  Amer.,  vol.  ii,  p. 
800,  1891 ;  Bull.  Amer.  Mus.  Nat.  Hist.,  vol.  viii,  p.  305,  1896. 

X  Geology  of  New  York,  Pt.  2,  Report  of  the  Second  District,  1842,  p.  107. 
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feet  at  Valcour  Island.  Furtlier  north  the  thickness  is  not 
delinifely  known.  In  the  Ottawa  Valley,  the  formation  is 
usually  from  100  to  200  feet  thick  and  is  about  half  limestone 
and  half  sandstone,  the  former  u  ually  overlying  the  latter. 
At  the  Mingan  Islands,  the  thickness  was  estimated  by  Sir 
William  Logan  at  about  300  feet,  and  the  strata  include  both 
shales  and  limestone. 

Lake  Ohamplain  Region. 

As  the  typical  Chazy  is  exposed  in  the  Lake  Champlain 
region,  that  area  will  be  first  taken  up.  In  general,  the  Chazy 
rocks  are  seen  as  a  narrow  belt  running  almost  north  and 
south,  from  Orwell,  Vermont,  to  Joliette,  Canada.  The  area 
is  seldom  more  than  10  miles  wide,  and  is  not  a  continuous 
exposure,  but  occurs  in  small  patches,  in  most  cases  evidently 
fault  blocks,  and  the  strata  are  usually  inclined  at  a  consider- 
able angle.  The  principal  outcrops  are  along  the  west  side  of 
Liike  Champlain  and  on  the  islands  in  the  northern  part  of 
the  lake.  South  of  Willsboro  Point,  there  are  scattered 
patches  on  both  sides  of  the  lake  nearly  to  Fort  Ticonderoga. 

Faunal  Divisions, 

In  the  Lake  Champlain  region,  three  major  faunal  divisions 
of  the  Chazy  may  be  distinguished.  Within  these,  there  are 
again  various  zones  which  are  more  or  less  local  in  geogmphi- 
cal  extent. 

Division  1,  The  lleherteUa  exfoliata  Division, — The  strata 
of  this  basal  division  are  chiefly  light-colored,  impure,  rather 
coarse-graiued  limestones  and  frequently  have  shaly  partings. 
The  thickness  varies  from  nothing  at  tlie  south  end  of  Lake 
Champlain  to  300  feet  on  Valcour  Island,  365 -f  at  Chazy,  and 
225  feet  on  Isle  La  Motte. 

The  characteristic  fossils  are :  Hehertella  exfoliata  sp.  nov., 
Orthis  acutiplicata  sp.  nov.,  Strophoniena  prisca  sp.  nov., 
Scenellapretensa  sp.  nov.,  S,  montrealensis^  Palmacmcea  irregu- 
laris sp.  nov.,  Raphistoma  imraatura^  and  Sealites  arigulatii^. 
Other  species  occurring  abundantly  in  this  zone  are :  Blnstoi- 
docrinus  carcharimlens^  Bolhoporites  aniericanus^  Z/ygospira 
dcutirostrisy  Raphistoma  staminemn,,  Lophospira  suhabhre- 
mata,  Jiucania  sulcatina^  and  Pseudosphcerexomus  chazyensis. 
Those  which  occur  only  rarely  in  this  division,  but  which  thus 
far  have  not  been  found  in  higher  divisions,  are :  Lingula 
helli^  Cyrtodonta  solitaria  sp.  nov.,  Cyclonema  ?  normaliana 
sp.  nov.,  Eunema  leptonotum  sp.  nov.,  and  Heliomera  sol. 

Of  the  141  species  in  the  Chazy  whose  range  is  known,  64 
make  their  first  appearance  in  this  horizon  and  23  are  found  in 


356     P,  E,  Raymond — Fauna  of  the  Chazy  LimesUyne, 

all  three  divisioiit*.  This  member  is  fnrtlier  marked  by  the 
appearance  of  the  earliest  of  American  Brvozoa,  and  these, 
unlike  most  Ordovician  species,  range  throughout  the  entire 
formation  above  the  sandstone. 

Division  1  is  characterized  by  the  predominance  of  individ- 
uals and  species  of  Brachiopoda.  Fourteen  of  the  25  species 
of  this  group  occurring  in  the  Chazy  of  the  Champlain  \  alley 
are  found  in  this  lowest  member,  while  only  2  of  the  16  pelec- 
ypods  are  represented.  Exactly  half  the  species  of  trilobites 
are  also  found  here,  but  specimens  are  not  common.  Gastro- 
pods arc  more  numerous,  as  half  the  species  are  represented 
and  individuals  of  some  forms  are  abundant.  They  do  not 
occur  in  the  lower  strata,  but  are  confined  almost  entirelv  to 
the  upper  ])art. 

There  are  three  zones  in  this  division  which  are  worth v  of 
notice : — 

Zone  1,„  or  the  Ort/uM  aeutiplicata  zone,  is  near  the  base  of 
the  division  and  is  found  at  Valcour  Island  and  Isle  La  Motte. 
The  characteristic  fossils  are:  Orthls  acufiplicaUi^  liajines- 
quina  i?u'r*tf<mta,  laotelus  /uin'isi,  and  Thaleops  ovata^  all 
long  rangers  except  the  first. 

Zone  Ift.  The  Scaliies  amjidatus  zone.  The  faunule  of 
this  zone  is  found  at  Plattsburg  and  Chazy.  It  is  located 
near  the  middle  of  Division  1.  The  characteristic  fossils  are  : 
ScaJites  angidatuH^  liaphistoina  iminatarum^  li.  stamineum^ 
Bucania  Kidcatina^  CaniareUu  hmgirosivls^  lUoinuB  glohosus^ 
and  Thaleoj)s  ovata.  Only  the  first  two  are  restricted  to  this 
horizon. 

Zone  1^,  the  IjophoHpira  subahhreviata  zone,  has  been  found 
only  at  (/hazv,  but  is  verv  stronglv  marked.  It  occurs  about 
75  feet  below  the  to|>  of  Division  I.  The  characteristic  fossils 
are :  Loph^tspira  subahhreviata  and  Raphhtoma  «taviineum^ 
both  of  which  are  very  abundant.  Of  less  importance  are  the 
rare  Schizanihon ?  dupliciiuariatuH^  IleUomera  sol,  and 
Cllonychla  inanjinaliR  sp.  nov. 

DlviHion  2,  The  Madurites  inaijna  Division, — The  strata 
of  this  middle  division  are  usually  heavy  bedded,  dark  blue  and 
grey,  fairly  pure  limestones,  with  an  occasional  layer  of  grey 
sparkling  <lolomite  or  of  light  coarse-grained  limestone.  The 
layers  near  the  middle  usually  weather  into  nodular  masses, 
and  the  fossils  are  frecjuently  poorly  preserved  and  diflScult  to 
extract.  The  thickness  varies  from  2()(>  feet  at  Chazy  to  400 
at  Valcour  Island,  and  decreases  toward  the  south.  The  char- 
acteristic fossils  are :  Maclurites  tnagna,  Rajinesquina  cham- 
plainensiH,  Ploisiomysplatys,  P,  strophoinenoides  sp.  nov.,  Sti^e- 
phochetns,  tj)S])<mgia  varians,  Eotomaria  ohsoletum  sp.  nov., 
Eccyliopterus  fredericus^  Bathyurellus  ininor,  Glc^hurus 
primics^  and  LeperdiVm  Imiatxda  sp.  nov. 
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Thus  far,  the  foUowintr  fossils  have  been  found  only  in  this 
divisiou,  and  most  of  them  in  but  one  locality  :  Camarotmehia 
pristina  sp.  nov.,  Ctenodonta  dvbiaformis  sp.  nov.,  Clidoph- 
orus  obscurus  sp.  nov.,  Cyrtodonta  expansa  sp.  nov.,  Endo- 
desnia  undulatuni  sp.  nov.,  SceneUa  voousta  sp.  nov.,  Raphis- 
toma  nndulMiim  8[).  nov.,  Helicotoma  vayrann  s]).  nov., 
Bucania  hidorsataf^  Trochonema  di^par  sp.  nov.,  SuhulUea 
proloiKjata  sp.  nov.,  Uolopea  scrutator  sp.  nov.,  Eoharpes 
ottawa^nsh^  Asaphvs  rnarghkalis^  Isotelus  atigusiieauda^  isot- 
elnsf  iearsi,  Iliwuus  pu7ictati(8,  Cyhele  valrourensis^  Cerau- 
rus  pojnpilius^  C,  hiuhoni^  and  Pseud osphwrexoch us  approx- 
imus. 

This  middle  division  is  marked  by  an  abundance  of  pelec- 
ypods,  gastropods,  and  trilobites,  and  in  this  respect  is  sharply 
contrasted  with  the  lower  division.  Of  the  16  pelecypods,  13 
are  represented  here.     Of  35  trilobites,  27  are  present. 

Species  of  Stroniatoeerium  aud  Strejyhochetus  are  common 
in  these  rocks,  but  are  also  abundant  in  the  lower  zone  of  the 
next  division. 

Zone  2„.  The  Malocystites  murchisoni  zone.  Thus  far, 
only  one  subfaunule  has  been  detected  in  Division  2,  and  that  is 
at  the  very  base.  It  is  best  developed  at  Valcour,  but  occurs 
also  on  Valcour  Island.  The  zone  is  characterized  by  the  great 
abundance  of  c^'stid  fragments.  The  characteristic  fossils  are  : 
Glaphnriis prnnus^  Eoharpes  antiquatus^  Lonchodornas  halli^ 
Cybele  valconrensls^  Malocystites  murchisoni,,  M,  em7?iofisi, 
Glyptocystites  forbesi,,  Pahpoey stiffs  tenuiradiatus^  Raphis- 
toma  starniineum^  Maclurites  magna^  Plcesiomys  stropnome- 
noides^  and  Camarella  varians. 

Division  S,  The  Camarotoichia  j^lena  Division, — The 
strata  of  this  division  are  rather  thin  bedded,  light  grey,  coarse- 
grained limestones,  abounding  in  fossils.  J^ear  the  base  there 
are  always  buff -colored,  pure,  fine-grained  dolomites  and  heavv 
bedded,  coarse-grained  blue  limestones.  The  only  fossil  which 
is  found  throughout  this  division  is  Camarotwchia  phna. 
Other  characteristic  fossils  are  :  Camaroto'chia  major  sp.  nov., 
Orthis  ignicula  sp.  nov.,  Modiolop^sisfabaformis  sp.  nov.,  and 
Glaphurus  pustulatus, 

Tliere  is  here  a  decided  falling  off  in  the  number  of  gastro- 
pods and  pelecypods,  only  6  of  the  former  and  5  of  the  latter 
being  represented.  There  are  about  as  many  trilobites  (16)  in 
this  division  as  in  Division  1,  and  8  of  these  are  found  in  all 
three  sections.  The  number  of  species  of  brachiopods  is  about 
the  same  in  each  of  the  three  divisions,  but  they  dominate  the 
fauna  in  the  first  and  third.  In  the  former,  one  of  the  Pro- 
tremara  {HeberteUa)  is  most  abundant,  while  in  the  third  divi- 
sion one  of  the  Telotremata  {CamaroUechia)  predominates. 
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There  are  three  well-marked  zones  in  this  division,  as  fol- 
lows : 

Zone  3„,  the  Glaphurus  pustulatuH  zone,  is  found  at  the 
base  of  Division  8,  at  Valcour  Island,  Chazy,  Cooperville,  and 
Isle  La  Motte.  The  characteristic  fossils  are:  Glaphurus 
pustulatuii^  lllmnus  glohosus^  I.  ei^aatusi^  Isotelus  harrisl^ 
Remopleundea  eanadens^iH^  Plunnerops  canadensis^  Amphili- 
ohas  nihujanensis^  PseudosphiBrexocMis  7'ulcanus^  CamaroUc- 
chia  phna^  Conocardiiiin  beecheri  sp.  nov.,  Bucania  sidcatrna^ 
and  several  cephalopods. 

Zone  8^,  the  CaiaaroUechia  major  zone,  stands  between 
3„  and  8^  and  its  faunule  is  a  transition  between  the  two. 
Camarot^echia  becomes  more  abundant  and  better  developed, 
and  fossils,  while  numerous,  become  fewer  in  species.  The 
best  development  is  at  Valcour  Island.  The  characteristic 
fossils  are:  Camarotoiohia plena^  C.  majot\  Ilebertella  costafis, 
Malocystltes  emmonsi^  Malocystites  sj).,  Palofocystites  sp., 
IllmnuH  (jlohosns^  Pliomefops  canadensis^  Bucania  sulcati)ia^ 
Raphistoma  stainineum^  and  IsoUlus  ohtusum. 

Zone  8^.  The  Modiolopsisfahafoinnis  zone.  In  this  zone, 
Caniarotn't'hia  plena  is  abnndant,  almost  to  the  exclusion  of 
other  species.  The  faunule  extends  to  the  top  of  the  formation 
at  C'iiazy,  Grand  isle,  rmd  Valcour  Island.  The  characteristic 
fossils  are :   CamavotOichia  plena  and  Modiolopsis  fahaformls. 

tSection  at  Chazy ^  New  York, 

The  section  at  Chazy  has  a  thickness  of  732  feet,  but  the 
base  of  the  formation  is  not  shown. 

Division  L — The  rocks  cai*ryin^  the  fauna  of  Division  1  are 
well  exposed  in  the  ridges  south  of  the  village,  near  Tracy 
Brook.  The  thickness  is  8(55  feet,  and  judging  from  the  fauna 
at  the  base,  at  least  150  feet  of  strata  are  missing.  Hehertelia 
e,vfoiiata  is  very  abundant,  especially  below  the  horizon  of 
Scalites  angulofas.  The  latter  zone  is  217  feet  above  the  base 
of  the  exposed  section,  and  is  zone  1^  of  the  generalized  sec- 
tion. The  most  connnon  fossils  are :  Scaliles  ang^daius^  Buca- 
nia sulcatina^  Raphistoma  intmaturum,  R,  staviineuin^  and 
Thaleops  ovata.  lligher  up  in  the  section,  275  feet  above  the 
base,  is  the  zone  of  Lophospira  suhahhreviata^  about  85  feet 
in  thickness.  This  is  zone  \^  of  the  generalized  section.  The 
gastropods  are  \^ys  abundant  in  the  three  localities  at  Chazy 
where  this  zone  is  exposed. 

Division  w. — The  strata  of  this  division  are  about  195  feet 
in  thickness,  and  are  dark  blue,  impure  nodular  limestones, 
usually  full  of  fossils  which  are  frequently  silicified.     Stroyna- 
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ioce7*imn^  Eospongia  variahs,  Rajinesquina  chainjplainensisy 
PliJEsiomys  jplatys^  Maelunt-es  vtagjia^  Pliomerops  canadenms^ 
and  several  cephalopodfl  are  common. 

Division  J, — The  Camarotuechia  plena  division  is  not  very 
well  developed  along  the  line  of  the  section  at  Chazy.  The 
thickness  is  156  feet,  but  a  large  j)art  of  the  strata  is  covered 
with  soil.  At  the  base  are  about  25  feet  of  grey  dolomite  with 
almo.-^t  no  fossils.  The  remainder  of  the  rock,  as  far  as  exposed, 
is  an  impure  shaly  limestone,  abounding  in  Carnaroto&chia 
plena,  iiones  3„,  3^,  and  3^  can  not  be  distinguished  just  at 
Chazy  village,  probably  because  the  strata  are  so  poorly  ex- 
posed. About  3  miles  southeast  of  this  point,  however,  in  a 
field  near  the  lake  shore,  fine  outcrops  of  zone  3^  occur,  and 
here  Glaph'^irxiH  vnstulattts^  Amphilichas  minganensis^  IlliV- 
71U8  globosfis^  ami  the  cephalopods  are  common. 

Sectiou  at  J^alcour  Island. 

On  Valcour  Island,  the  whole  of  the  Chazy  is  exposed,  with 
a  thickness  of  89i)  feet.  In  one  section  along  the  south  end, 
almost  the  entire  thickness  is  shown,  while  nearly  all  the  miss- 
ing parts  may  be  seen  in  other  sections  on  the  east  and  north 
sides  of  the  island. 

Pivisimi  L — The  strata  of  this  division  are  well  exposed  on 
the  south  end.  The  thickness  is  314  feet.  At  the  base  is  a 
zone  of  sandstone  and  shale  in  which  Linqula  brain erdi  is  the 
common  fossil.  Other  fossils  are  mre,  hotelus  harrhi  and  a 
species  of  EccyliopteruH  being  the  only  ones  thus  far  found. 
Above  this  zone  is  that  of  Orthis  acutlplicata^  10  feet  in 
thickness. 

The  Scalites  angidatns  zone  is  not  exposed  on  Valcour 
Island,  the  rocks  usually  containing  it  being  absent  at  the  peb- 
ble beach  on  the  south  end  of  the  island.  The  Lophospira 
suhdbhreviata  zone  is  not  well  developed,  but  may  be  indicated 
by  a  fauna  found  on  the  middle  of  the  west  side. 

Division  '2, — The  strata  of  this  division  are  406  feet  in 
thickness  and  are  usually  compact,  dark  blue  and  grey  lime- 
stones. The  fossils  are  frequently  coarsely  siliciiied,  but  are 
almost  always  difficult  to  extract.  At  the  l)ase,  zone  2„,  the 
Malocystites  miirchlsoni  zone,  is  well  developed,  and  as  the 
fossils  weather  out  in  tliLs  locality,  some  40  species  have  been 
listed. 

While  the  rocks  of  this  division  usually  afford  ]>oor  collec- 
tions, yet  in  favorable  localities  they  are  found  to  be  extremely 
rich  in  interesting  species.  Thus,  one  locality  on  the  east  side 
of  the  island  has  yielded  60  species  of  fossils,  among  them  such 
rare  trilobites  as  Asaphxis  marginalise  Isotelus  f  hear  si  ^  and 
Remopleurides  canadensis^  and  many  species  of  pelecypods. 
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Diinskm  3, — Tliis  is  especially  well  developed  on  Yalcoiir 
Island.  Zone  3„  is  exposed  in  two  or  three  localities  on  the 
east  side.  Zone  3^  is  best  developed  about  Cystid  Point,  the 
southeast  point  of  Valcour  Island,  and  zone  3^  is  exposed  both 
east  and  west  of  Black  River  Point  on  the  north  end.  The 
division  is  172  feet  in  thickness  and  carries  Camarotcechia 
plena  throughout.  The  faunules  given  for  zones  3^,  3^,  and 
3c,  are  those  found  on  Valcour  Island. 

Crown  Point  ^Section.* 

The  section  at  Crown  Point  is  305  feet  in  thickness.  At  the 
base  is  a  zone  25  feet  thick  in  which  the  strata  arc  sandstone 
and  shale,  and  the  only  fossil  is  Lingxdu  hrainerdi.  The 
remaining  280  feet  are  impure  blue  and  grey  limestone,  usually 
very  fossiliferous.     Division  1  is  absent. 

Dimfiion  2. — The  fauna  characteristic  of  this  division  is 
found  all  through  the  section  at  Crown  Point.  The  character- 
istic fossils — Madurites  inayna^  RajineHquina  chamj)hiinensis^ 
PUvHwmys  platys^  and  Leperditia  limatula — are  very  abun- 
dant, and  the  whole  expression  of  the  fauna  is  that  of  the  mid- 
dle part  of  the  section  at  Valcour  Island  and  elsewhere. 
Brainerd  and  Seelv  assificn  the  lower  48  feet  to  their  Division 
A,  and  the  upper  57  feet  to  Division  C,  but  faunally  the  whole 
section  belongs  together.  Camarotivehia  jdena  is  absent,  as 
are  also  the  other  fossils  characteristic  of  Division  3.  The 
up}>er  3  feet  of  the  section  are  a  coarse  limy  sandstone,  with 
PlcBsiomys  platys,  Camarella  rariaiiH^  Raphhtcyina  iitainin- 
eurn^  and  IsoteUis  harrisi  in  a  layer  a  foot  thick  at  the  top. 

Orwelly   Vermont, 

A  short  distance  northeast  of  Orwell  village  is  the  most 
southern  exposure  of  the  Chazy.  At  that  place  there  are 
about  60  feet  of  strata,  the  fauna  of  whicii  indicates  that  they 
beloncj:  to  Division  2.  Another  localitv  near  by  shows  sand- 
stone  and  shale  at  the  base  of  the  formatiou. 

North  of  the  International  Boundary  the  various  divisions 
can  not  be  followed  in  the  published  lists,  but  this  is  due  to  the 
fact  that  no  sections  liave  been  made  in  that  region.  The  lists 
published  by  Billings,  Logan,  and  Ami,  of  the  Canadian  Sur- 
vey, however,  do  show  that  fossils  characteristic  of  all  three 
divisions  are  found  in  that  region.  The  Champlain  Valley 
fauna  of  the  Chazy,  which  will  be  designated  as  the  typical  one,  is 
found  as  far  north  as  Joliette,  35  miles  north  of  Montreal  and 

*  For  detailed  description  of  this  section,  see  BuU.  Amer.  Pal..  toI.  iii, 
No.  14,  1902. 
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85  miles  north  of  Chazy.  To  the  west  it  is  found  as  far  as 
Hawkcsbury,  75  miles  northwest  of  Chazy  and  55  miles  west 
of  Montreal. 

MiNOAN  Islands  Region. 

Tlie  fauna  of  the  Chazy  at  Mingan  Islands  is  very  closely 
related  to  that  of  the  ty^pical  Chazy  of  the  Champlain  Valley, 
as  is  shown  by  the  following  list  of  species  common  to  the  two 
regions : — 

Bolhoporites  americanus,  Orthoceras  hilhieatum. 

PhyUojyorina  incepta.  O,  niulticaineratuni. 

Columnarla  'f  ?  pariui,  Pletsoceras  jason, 

Jiafinesquina  incrnssata,  Pliotnerops  canadensis, 

CamaroUjBcJiia  orientalis,  lUcenus  glohosiis, 

Camarella  loyigirostris,  Eoharpes  antiquatus, 
(\  varians. 

Ottawa  Yallkv  Region. 

The  Chazy  deposits  of  this  region  have  been  described  in 
detail  by  Logan,*  Ells,t  and  Ami. J  The  formation  is  not 
more  than  200  feet  in  thickness,  usually  less,  and  is  divided 
into  two  parts,  the  lower  including  shales  and  sandstones,  and 
the  upper,  limestones.  It  outcrops  in  a  narrow  belt  extending 
along  the  north  and  south  sides  of  the  Ottawa  River,  from 
Ilawkesbury  west  to  Arn])rior,  and  is  again  exposed  south  of 
Ottawa,  whence  another  narrow  belt  runs  to  Cornwall,  where 
it  again  turns  northward.  West  of  Arnprior  there  are  a  few 
outliers  of  the  same  formation.  One  large  one  occurs  at  Allu- 
mette  Island,  north  of  Pembroke,  and  another  10  or  15  miles 
south  of  this  and  west  of  Renfrew. 

The  coarse  character  of  the  sediments  at  the  base  of  the  for- 
mation in  this  region  points  to  very  shallow  water  and  shore 
conditions  and  a  probable  erosion  interval  between  the  end  of 
Beekmantown  time  and  the  deposition  of  the  strata  of  Chazy 
age. 

The  writer  has  studied  the  rocks  of  this  area  chieflv  in  the 
vicinity  of  Ottawa  and  Aylmer,  and  the  fauna  there  represented 
seems  to  consist  of  about  25  species,  only  7  of  which  occur  in 
typical  Chazy  deposits.  The  fauna  of  the  sandstone  at  the 
Aylmer  region  is  ([uitc  diiferent  from  that  found  in  the  over- 
lying limestone,  and  for  that  reason  a  list  is  here  given  of  the 
species  found  in  each.  An  asterisk  denotes  that  the  species  is 
found  also  in  the  typical  Chazy  : — 

♦  Geology  of  Canada,  18(53. 
I  Kept.  Geol.  Survey  of  Canada,  1899. 

X  Ibidem ;  also  Trau8.  Roy.  Soc.  Canmln,  vol.  ii,  1896.  vol.  vl,  1900,  and 
variooB  other  papers. 
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Sandstone.  Limestone. 

Lingula  lyellL  JAngnla  lyelli. 

*  Cam aroUech ia  plena.  *  CamaroOxch ia  plena, 

*  C.  or  ten  talis.  ^Rajinesquina  alternata. 
Ilebertella  unperator, 

JModiolopsis  breviuscula,  3Iodiolopsis  hrev'niscula, 

M.  parviuscida,  M.  parvhtscula, 

M,  sowteri  sp.  nov. 

Cteiiodonta  parvidens  sp.  nov. 

Whitella  canadensis  sp.  nov. 
*Archinacella  ?  dfformata. 
^Raphistoma  striatum. 
*7?.  stamineum.  Raiyhistoma  stamineum, 

Jjophosplra  hiUingsi  sp.  nov.        Orihoceras  allumettensis, 

Bathyurus  angelini.  Rathyurns  angelin  i, 

Reyrichia  clavigera,  Leperditia  amygdalina, 

R,  clavigera  clavifracta,  *i.  canadensis. 

LejyerditeUa  labellosa. 

Prim  it  ia  sp.  Isochilina  Ottawa, 

IsochiUna  sp.  I.  aniiana, 

Primitia  logani. 

It  may  be  seen  from  the  above  parallel  lists  that  there  are 
only  0  species  common  to  the  sandstone  and  limestone  divisions 
of  this  formation.  In  the  limestones  the  ostracods  are  exceed- 
ingly abundant,  often  making  up  entire  layers  of  the  rock. 
The  two  divisions  are  intiniatelv  connected  bv  verv  well- 
defined  species,  however,  and  none  of  the  forms  pass  on  into 
the  overlving  J^owville  limestone. 

In  the  Ottawa  Vallev,  the  most  noticeable  feature  of  the 
faunas  is  the  absence  of  the  cystids,  Bryozoa,  and  Ilydrozoa  so 
common  in  the  typical  Chazy.  The  large  number  of  species 
of  ostracods  and  their  great  abundance  are  in  marked  contrast 
to  the  three  or  four  species  found  in  the  Champlain  Valley. 
This  difference  in  the  lithology  and  fauna  has  led  the  \vriter 
to  suggest  the  name  Ayhner*  formation  for  these  deposits  in 
the  Ottawa  Valley. 

Summary  on  the  Lake  Cuamplaix,  Mingan   Islands   and 

Ottawa  Valley  Recjions. 

In  the  Lake  Chaiiiplain  region  occurs  the  fullest  develop- 
ment of  both  the  strata  and  the  fauna  of  the  Chazy  period,  and 
three  divisions  based  u])on  faunal  differences  may  be  recog- 
nized. The  fauna  of  the  Chazy  at  Min^an  Islands,  while  oulv 
partly  known,  shows  that  the  typical  Chazy  is  also  found  in 
that  region.     West  of  Hawkesbury,  Canada,  a  decided  change 

*  Ann.  Carnegie  Mas.,  vol.  iii,  p.  380,  1905. 
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in  the  fauna  is  seen  at  L'Orignal,  only  K)  miles  from  Hawkes- 
burv.  ilerc  is  found  a  section  less  than  200  feet  in  thickness, 
with  sandstone  at  the  base  and  limestone  in  the  upper  portion. 
The  fauna  changes  abruptly,  several  species  occurring  there 
which  are  unknown  further  east.  The  typical  Chazy  fossils 
found  here  are  :  Vaniarotwchia plena^  Raphistmna  stamineum^ 
and  Malocmtit^s  innrchisoni.  From  this  locality  west  to 
Allumette  Island,  a  distance  of  115  miles,  the  same  succession 
of  strata  niav  be  found,  and  about  the  same  fauna.  All 
through  the  Ottawa  Valley  the  Chazy  is  represented  by  a 
formation  which  is  sandstone  at  the  base  and  limestone  above. 
In  its  most  western  exposures,  the  limestones  are  absent  and 
onlv  the  sandstone  remains. 

The  base  of  the  Chazy  is  always  a  sandstone,  but  this  does 
not  carry  the  same  fauna  in  all  regions,  nor  does  the  zone 
which  rests  upon  it  always  have  the  same  fauna.  In  the  Lake 
Champlain  region,  the  sandstone  always  contains  Lingtda 
hpainerdi ;  in  the  Ottawa  Valley,  it  carries  a  modified  Gauia- 
rotivchia plena  fauna.  At  the  type  sections,  Lingula  hrainerdi 
is  at  the  base  of  the  formation,  while  the  CainarotwcJda  plena 
fauna  appears  700  feet  above. 

Since  the  fullest  development  of  limestone  deposits  of  this 
age  is  in  the  region  of  Chazy  and  Valcour  Island,  New  York, 
that. must  be  the  locality  in  which  the  Chazy  sea  persisted 
longest.  From  the  evidence  outlined  above,  it  wT)uld  seem 
that  this  sea  was  a  shallow  one,  invading  south  and  west  over 
a  slowly  sinking  land.  Since  the  Chazy  fauna  is  apparently 
developed  less  directly  from  the  Beekmantown  of  the  Ijake 
Champlain  arcA  than  from  that  of  Newfoundland,  and  since 
there  are  many  European  types  introduced  into  the  Chazy,  it 
seems  probable  that  this  sea  was  open  to  the  east. 

If  the  sea  were  thus  invading  upon  the  land,  the  sandstone 
would  represent  shore  conditions.  This  is  undoubtedly  the 
case,  for  the  sandstone  in  both  the  Champlain  and  Ottawa 
valleys  frequently  presents  evidences  of  shore  origin  in  cross 
bedding,  ripple  marks,  and  worm  burrows. 

If  the  sea  were  invading  southward  in  the  region  now  occu- 
pied by  the  Champlain  Valley,  the  sandstone  should  be  younger 
and  younger  in  age  as  it  is  traced  from  north  to  south.  That 
this  is  actually  the  case  is  shown  by  the  faunas,  for  at  Valcour 
Island  all  the  strata  of  the  nehertelhi  enfoltata  division,  300 
feet  in  thickness,  were  deposited  l)efore  the  Machirites  rrharjna 
fauna  became  prominent,  while  at  Crown  Point  this  second 
fauna  follows  immediately  upon  the  bjisal  sandstone. 

During  the  greater  part  of  Chazy  time,  the  transgression  is 
southward,  but  later  the  shore  l>egan  to  move  westward  also. 
The  region  of  the  Ottawa  Valley  was  then  invaded,  and  the 
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sandstone  brought  with  it  a  part  of  tlie  Caiiiarotii^chia  plena 
fauna.  Tlie  date  of  this  invasion  to  the  west  can  be  ratlier 
closely  approximated.  Camai^otmchia  plena^  Raphwioiaa 
%tainh\enm^  and  Maloeystites  7nurchisoni  are  found  in  the 
middle  of  the  section  at  L'Orignal.  At  Valcour  Island  these 
species  occur  together  in  zone  A„,  775  feet  above  the  base, 
thus  showing  that  the  formation  in  the  Ottawa  Valley  repre- 
sents the  very  latest  i)art  of  Chazy  time. 

ITlrich  and  Schuchert,  in  their  paper  on  Paleozoic  Seas  and 
Barriers,*  bring  out  this  idea  of  a  Chazy  sea  invading  westward 
and  southward.  They  state :  ''  With  the  earlier  part  of  this 
subsidence  [the  Chazy  invasion],  the  Atlantic  invaded  the 
continent  westward.  .  .  .  The  typical  Chazy  formation  .  .  . 
bears  evidence  in  its  members  of  having  encroached  south- 
ward and  westward  in  the  arms,  the  latest  beds  .  .  .  extend- 
ing farthest  south  and  west." 

The  Closing  Period  of  Chazy  Time. 

In  the  preceding  pages  an  effort  has  l)een  made  to  show 
that  in  northeastern  New  York  and  in  the  Ottawa  Valley,  the 
Chazy  sea  invaded  over  a  land  surface  of  Beekmantow^n  roc*ks, 
and  that  the  base  of  the  Chazy  is  a  tangential  sandstone ;  also 
that  the  invasion  was  first  southward,  covering  the  region  of 
the  Champlain  A^alley,  and  later  westward  along  the  locality 
of  the  present  Ottawa  Valley. f 

Of  the  former  extent  of  the  formation  throughout  the  St. 
Lawrence  Valley  or  elsewhere,  there  is  at  present  little  evi- 
dence. Since  the  sea  did  not  attain  the  region  of  Aylmer 
until  very  late  (>hazy  time,  it  is  probable  that  the  formation 
never  extended  much  further  west  than  the  known  outcrops 
in  that  region  (Allumotte  Island,  etc.). 

From  a  study  of  the  stratigrai)hy  and  faunas  it  becomes 
evident  that  the  upper  portion  of  the  Chazy  is  not  represented 
in  the  region  south  of  Valcour  Island.  Either  these  beds  were 
never  deposited  there  or  they  were  eroded  before  the  Ix)wville 
was  laid  down.  The  evidence  is  not  (»f  such  a  character  as  to 
])rove  (leiinitely  which  did  occur,  but  for  reasons  given  below 
it  seems  more  probable  that  the  upper  beds  were  deposited 
south  of  Valcour  and  later  eroded.  These  reasons  are  as 
follows : — 

♦Kept.  N.  Y.  State  Pal.,  1902,  p.  639. 

[f  By  these  trrms,  Champlain  Valley  and  Ottawa  Valley,  the  writer  does 
not  intend  to  convey  the  impression  that  the  Chazy  deposits  were  laid  down 
in  narrow  arms  of  the  sea,  or  that  the  topography  was  then  anything  like 
tliat  of  the  pre:<ent  time.  It  should  be  remembered  that  strata  of  post-Chazy 
age  are  involved  in  the  Green  Mountain  uplift,  and  that  there  are  indications 
that  the  Adirondacks  did  not  exist  in  Ordovician  time.l 
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First  All  through  the  Cham  plain  Valley,  the  Chazy  is 
capped  by  a  bed  of  sandstone  2  feet  in  thickness,  and  this 
may  be  interpreted  as  the  invading  base  of  the  Lowville 
formation.  From  this  it  would  follow  that  a  period  of  erosion 
existed  between  tlie  Chazy  and  Jjowville  formations. 

Second.  If  the  upi>er  beds  were  never  deposited  south  of 
Valcour,  the  Chazy  sea  after  advancing  slowly  to  the  south  to 
some  point  below  Orwell,  Vermont,  must  have  then  retreated 
to  the  northward. '  Such  a  recedence  could  have  been  caused 
only  by  an  elevation  south  of  Orwell,  for  there  is  no  general 
retreat  of  the  Chazy  sea  at  this  time,  which  is  proved  by  the 
fact  that  at  a  still  later  period  the  sea  advanced  westward 
beyond  Ottawa.  That  there  was  then  no  uplift  in  the  south  is 
sliown  bv  the  fact  that  the  Lowville  sea  invades  from  the  south- 
west.*  On  the  other  hypothesis,  w^hich  seems  more  probable, 
the  sea  would  have  invaded  southward  to  the  region  of  Orwell 
and  after  depositing  there  the  final,  or  Oamiwotcechni  phna^ 
beds  vanished  from  the  area  of  Lake  Cham])lain.  During  the 
latter  part  of  Chazy  time  or  after  its  close,  the  Stones  Kiver 
(Lowville)  sea  was  invading  from  south  to  north  and  there  was 
a  land  interval  in  the  Cham  plain  region,  during  which  tinie 
some  of  the  Chazy  and  Beekmantowu  beds  were  removed 
along  the  barrier  region  between  Orwell  and  the  Mohawk 
Valley. 

Third.  By  taking  the  rate  of  decrease  in  thickness  (11 '25 
feet  per  mile)  of  the  Ilehcrtella  exfoliata  division  between 
Chazy  and  Valcour  Island,  to  compute  the  probable  southern 
extent  of  that  division,  it  is  seen  that  it  would  have  reached 
only  2()*6  miles  south  from  Valcour  Island.  Therefore,  at  the 
same  rate  of  decrease  the  btise  of  the  Crown  Point  section  is 
401  feet  higher  than  the  bise  of  the  Valcour  Island  section. 
That  this  rate  of  decrease  can  not  be  used,  is  shown  by  the 
fact  that  Division  1  at  Isle  La  Motte  is  only  225  feet  thick, 
which  is  less  than  at  Valcour  Island,  while  Isle  La  Motte  is  as 
far  north  as  is  Chazv.  The  onlv  reliable  data  for  an  estimate 
of  this  character  are  the  facts  that  there  are  300  feet  of  the 
beds  of  Division  1  at  Valcour  Island  and  nothing  at  Crown 
Point.  This  is  a  thinning  out  of  7*3  feet  per  mile,  which,  on 
the  other  hand,  is  probably  too  small.  On  this  basis,  the 
bottom  of  the  Crown  Point  section  is  at  least  800  feet  above 
the  base  of  the  Valcour  Island  section  and  the  base  of  the 
Orwell  section  is  at  least  424  feet  above  it.  If  this  minimum 
estimate  of  the  height  of  the  base  of  the  Crown  Point  section 
above  that  of  the  Valcour  Island  section  is  accepted  as  a  work- 
ing basis,  it  will  be  seen  that  the  former  lacks  the  upper  285 
feet  of  the  formation.     This  is  a  gradient  of  ()'95  feet  per  mile 

*  See  Ulrich  and  Schuchert. 
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to  the  top  of  the  beds  at  Valcour  Island.  Taking  the  base  of 
the  Orwell  section  at  424  feet,  the  upper  4()7  feet  are  lacking. 
The  thinning  in  the  17  miles  from  Crown  Point  to  Orwell  is 
122  feet,  or  7*1  feet  per  mile,  while  the  gradient  to  the  top  of 
the  Chazy  at  Valcour  Island  is  7*01  feet  per  mile.  The  close 
correspondence  of  these  gradients  and  the  small  gradient  of  7 
feet  per  mile  for  58  miles  are  significant,  and  seemingly  indi- 
cate a  base-leveled  surface  of  this  land  during  the  Cliazy- 
Lowville  interval. 

Representation  of  Chazy  Time  in  other  Regions. 

The  Chazy  was  formerly  identified  by  various  geologists  as 
covering  a  large  area,  but  more  recently  it  has  been  held  that 
while  certain  formations  may  have  been  laid  down  during 
Chazy  time,  the  typical  rocks  and  fossils  of  this  period  are 
restricted  to  the  region  of  the  Cham  plain  and  Ottawa  valleys 
and  the  islands  in  the  Gulf  of  St.  Lawrence. 

The  iSt,  Peter*8  Sandstone, 

One  of  the  formations  which  has  long  been  correlated  in 
time  with  the  Chazy  is  the  St.  Peter's  sandstone,  which  in 
Iowa,  Minnesota,  and  parts  of  Illinois  underlies  the  lowest 
member  of  the  Mohawkian  series.  The  fauna*  of  this  forma- 
tion is  meagre  and  is  contained  in  a  few  layers  near  the  top. 
It  is  made  up  chiefly  of  MoUusca,  all  closely  allied  to  Trenton 
forms.  None  of  the  species  are  found  in  the  Chazy  ;  hence 
no  new  liffht  is  thrown  on  the  correlation  bv  the  later  studies 
of  the  Chazy  fauna.  On  lithological  grounds,  James  has  cor- 
related it  with  the  Chazy  of  the  Ottawa  Valley,  but  there  are 
no  species  common  to  the  two  formations.  From  the  close 
relationship  of  its  fauna  to  that  of  the  Mohawkian  (Trenton) 
it  seems  probable  that  the  St.  Peter's  was  deposited  during 
Stones  River  time. 

Stones  River   Grouj), 

In  the  Columbia,  Tennessee,  folio  of  the  U.  S.  Geologic 
Atlas,  Ulrich  has  stated  that  the  lower  part  of  the  Stones 
River  group,  including  the  Lebanon,  Ridley,  Pierce,  and  Mur- 
freesboro  limestones,  is  to  be  correlated  in  time  with  the  Chazy 
of  New  York  State. 

This  statement  is  evidently  based  mainly  on  stratigi*aphic 
grounds,  as  Ulrich  and  Schuchertf  have  held  that  the   Low- 

*  F.  W.  Sardeson,  BuU.  MinneBota  Acad.  Sci.,  vol.  iv,  No.  1,  pt.  1,  p.  64, 
1896. 

f  Paleozoic  Seas  and  Barriers,  Kept.  N.  Y.  State  Pal.  ;  Bull.  52,  N.  Y. 
State  Mas.,  1902,  p.  633. 
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ville  of  New  York  is  the  northeastern  representative  of  "  the 
extreme  top  of  the  Stones  River"  group. 

In  the  Columbia  folio  referred  to  above,  Ulrieh  has  tabulated 
the  fossils  of  all  the  divisions  of  the  Stones  River  group  as 
developed  in  the  middle  Tennessee  region.  In  the  Lebanon 
formation,  the  upper  member  of  the  Stones  River  group  which 
is  there  correlated  with  the  Chazy,  there  are,  according  to  the 
table,  37  species  l)e8ides  10  undcscribed  Bryozoa.  Of  these 
37  species,  7  are  Bryozoa  and  5  are  not  vspecifically  identiiied. 
This  large  number  of  Bryozoa — 17  species — at  once  suggests 
that  the  formation  containing  them  is  much  more  closely  allied 
to  the  Trenton  than  to  the  Chazy.  Leaving  out  of  account 
the  Bryozoa,  which  in  the  Ordovician  nearly  always  have  a 
very  restricted  vertical  range,  and  the  5  forms  not  specilically 
identified,  it  is  found  that  17  of  the  25  species  remaining  are 
Black  River  or  Trenton  forms.  All  the  brachiopods,  4  of  the 
5  gastropods,  and  2  of  the  3  trilobites  are  species  occurring  in 
higher  formations.  Even  if  all  the  described  species  are 
included,  53  per  cent  of  the  species  of  the  Lebanon  formation 
are  Black  River  or  Trenton  forms. 

Below  the  Lebanon  is  the  Ridley  horizon,  about  80  feet  in 
thickness.  Of  the  9  species  listed  from  this  formation,  6  are 
found  in  the  Black  River. 

Below  the  Ridley  is  the  Pierce  limestone  with  12  species 
listed  and  20  undcscribed  bryozoans.  Only  11  forms  are 
specifically  identified  and  of  these  30  per  cent  are  Black  River 
or  Trenton  forms. 

The  lowest  member  of  the  Stones  River  group  is  the  Mur- 
freesboro,  which  is  about  60  feet  in  thickness  and  contains  24 
species,  21  of  which  are  identified.  The  fauna  is  composed 
principally  of  MoUusca,  of  which  gastropods  of  the  genera 
Loplhospira  and  Liospira  are  particularly  numerous.  Of  the 
21  species,  11  are  Black  River  or  Trenton  forms,  so  that  52 
per  cent  of  the  species  in  this  oldest  member  of  the  Stones 
Kiver  group  belong  to  the  Black  River  or  Trenton. 

This  analysis  may  be  tabulated  thus  : — 


Lebanon. 

Lebanon 25 

Ridley 1 

Pierce    4 

M  urf  reesboro 3 

Of  the  58  described  species  occurring  va  these  4  subdivisions 
of  the  Stones  River,  the  above  table  siu)ws  that  27,  that  is,  46 
per  cent,  occur  in  the  Black  River  and  Trenton  formations. 
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Comparing  the  large  percentage  of  foriiiB  common  to  the 
Stones  River  and  to  the  Black  Kiver  and  Trenton  with  the 
low  percentage — less  than  5  per  cent — of  forms  conmion  to 
the  Chazv  and  Trenton,  it  becomes  evident  that  the  Stones 
River  and  Trenton  are  faunally  much  more  closely  connected 
than  are  the  Chazy  and  Trenton.  This  close  relationship  of 
the  fauna  of  the  Stones  River  to  that  of  the  Trenton,  coupled 
with  the  stratigraphy,  suggests  that  the  whole  Stones  River  is 
younger  than  the  Chazy. 

E«i8i  Tennessee, 

In  east  Tennessee  the  Maclurea  limestone  was  correlated  by 
Safford*  with  the  Chazy  or  Black  River  of  New  York  and 
Canada.  While  a  large  part  of  this  limestone  seems  to  be  of 
Trenton  age,  a  section  around  Lenoirs  has  afforded  the  writer 
a  small  fauna  containing  fossils  characteristic  of  Division  2  in 
the  Lake  Champlain  region.  This  region  needs  further  study 
before  definite  correlations  are  made,    v 

Dkscriptiox  of  New  Spkciks. 

brachiopoda. 

Lingula  columba  sp.  no  v. 

Shell  small,  oval  in  outline,  gently  and  uniformly  convex. 
There  are  no  flat  slopes  and  the  front  is  semi-circular  in  out- 
line. The  posterior  end  is  somewhat  triangular,  the  beaks 
pointed.  The  surface  is  covered  by  very  numerous  and  promi- 
nent concentric  striae,  no  radiating  lines  showing  except  when 
the  surface  is  exfoliated. 

One  specimen  is  10"""  long  and  7°^"'  wide;  another  is  7""° 
long  and  5"""*  wide. 

Locality. — East  side  of  Valcour  Island  at  Chazy,  and  on 
Isle  La  Motte.     Tyi)e  in  Yale  University  Museum. 

Ca?naro(fec/iia  jfristiitu  sp.  no  v. 

Shells  small,  transversely  oval  to  subcireular  in  outline. 
Both  valves  moderately  and  uniformly  convex.  The  dorsal 
valve  has  a  low  fold  and  the  ventral  valve  a  shallow  sinus, 
which  is  noticeable  only  toward  the  front  of  the  shell.  There 
are  10  to  l-i  strong  rounded  plications,  4  on  the  dorsal  fold  and 
3  on  the  sinus.  The  2  plications  in  the  middle  of  the  fold  are 
smaller  than  the  2  outside  ones  and  the  median  plication  of  the 
ventral  valve  is  the  weakest,  which  is  the  direct  opposite  of  the 
state  found  in  CamaroUvehia  oriental  is. 

Locality. — Valcour  Island  and  Chazy,  New  York.  The 
type  is  in  the  Carnegie  Museum. 

*  Geol.  Tennessee,  1869,  p.  236. 
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Camarotoechia  major  sp.  nov. 

Outline  somewhat  oval,  widest  a  little  in  front  of  the  mid- 
dle. Dorsal  valve  with  10  to  14  strong  angular  plications. 
The  ventral  valve  has  9  to  14-.  The  fold  and  sinus  are  hardly 
defined  except  by  a  gentle  arch  in  front,  but  are  outlined  on 
both  valves  by  a  pair  of  very  strong  plications.  The  dorsal  fold 
bears  5  plications,  the  middle  one  of  which  is  the  strongest. 
The  ventral  sinus  has  4  plications,  the  2  largest  in  the  middle. 
The  ventml  beak  is  somewhat  incurved. 

Length  of  a  good  specimen  23'""' ;  width  21"'". 

Locality, — Southeast  point  of  Yalcour  Island,  New  York. 
The  type  is  in  the  writer's  collection. 

IStrophomena  priaca  sp.  nov. 

Shell  of  medium  size,  resupinate,  nearly  as  long  as  wide. 
Ventral  valve  convex  at  the  umbo,  flat  in  front  to  about  the 
middle  of  the  valve  and  then  concave.  Dorsal  valve  flat  on 
the  umbo  and  convex  in  front.  Cardinal  area  narrow,  the  wide 
delthyrium  mostly  covered  by  the  deltidium,  with  a  small  open- 
ing for  the  pedicle  at  the  beak.  Muscle  area  in  the  ventral 
valve  small,  confined  to  the  space  under  the  umbo.  Surface 
marked  by  fine  alternating  stria?,  the  prominent  ones  being 
verj-  numerous  and  increasing  by  implantation.  Between  each 
pair  of  the  strong  striae  are  two  or  three  finer  ones  and  the 
whole  surface  is  crenulated  by  fine  concentric  strije.  The  dor- 
sal valve  sometimes  shows  very  small  concentric  wrinkles. 

One  specimen  is  IS'S"""  long  and  20'"'"  wide ;  another  1^)''" 
long  and  19*5"'""  wide. 

Locality. — All  the  specimens  are  from  Yalcour  Island,  New 
York,  and  are  in  the  writer's  collection. 

Orthis  ignicula  sp.  nov. 

Shell  transvereely  oval  in  outline,  usually  but  little  wider 
than  long.  Hinge  width  nearly  equal  to  the  greatest  width 
of  the  shell.  Yentral  valve  strongly  convex,  the  area  high 
and  a  little  incurved. 

Dorsal  valve  nearly  flat,  with  a  broad  depression  near  the 
front.  Area  of  dorsal  valve  rather  wide.  Cardinal  process 
small.  Delthyrium  narrow  and  open.  Surface  marked  by  16 
to  25  direct  rounded  plications  which  increase  by  implanta- 
tion. 

Locality. — Found  rarely  on  the  southeast  corner  of  Yalcour 
Island,  New  York. 


•  
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OrtJns  acutipticata  sp.  no  v. 

Shell  small,  almost  circular  in  outline.  Hinsre  width  not  quite 
equal  to  the  greatest  width  below.  Cardinal  area  of  ventral 
valve  hifijh  and  a  little  retrorse.  Foramen  narrow  and  open. 
Ventral  valve  strongly  convex,  highest  on  the  umbo.  Dorsal 
valve  convex  on  tlie  umbo,  flattened  in  front.  There  is  a 
shallow  sinus  on  this  valve,  which,  is  narrow  at  the  beak  but 
becomes  wider  in  front.  Surface  marked  by  12  to  15  sharp 
simple  striae  separated  by  spaces  wider  than  the  stria?. 

Locality. — South  end  of  Valconr  Island.  The  types  are 
in  the  writer's  collection. 

Pla^siomys  stroplioinenoides  sp.  no  v. 

Shell  small,  ventral  valve  convex  at  the  umbo,  concave  in 
front.  Dorsal  valve  convex,  with  a  narrow  sinus  on  the  umbo, 
but  frequently  with  a  slight  fold  on  the  front  of  the  shell,  in 
which  case  the  ventral  valve  shows  a  shallow  median  sinus. 

Surface  marked  by  numerous  tine  striie,  which  increase  by 
bifurcation  and  implantation.  There  are  usually  7  or  8  in  the 
space  of  2  millimeters  on  the  middle  of  the  front  of  the  shell. 

The  cardinal  area  of  both  valves  is  low.  The  ventral  area 
has  a  narrow  delthyrium,  which  at  the  apex  is  perforated  for 
the  passage  of  the  pedicle.  The  interior  of  the  ventral  valve 
shows  small  but  strongly  marked  muscle  scars  under  the  umbo. 
The  muscle  area  is  roughh'  (quadrate  and  contains  a  pair  of 
strong  diductor  scars,  between  which  are  the  narrow  adductor 
attachments.  Posterior  to  the  latter  is  a  deep  pedicle  scar. 
The  lateral  edges  of  the  diductor  scars  are  bounded  by  strong 
plates,  which  run  back  to  support  the  dental  lamellae.  The 
interior  of  the  dorsal  valve  shows  a  robust,  simple  cardinal  pro- 
cess and  small  dental  sockets  bordered  by  strong  plates  w-hich 
do  not  greatly  diverge.  In  front  of  the  cardinal  process  is  a 
low  but  strong  median  ridge,  on  either  side  of  w-hich  are  the 
four  s(!ars  of  the  adductor,  not,  however,  deeply  impressed. 

Lociditif. — Crown  Point,  Plattsburg,  and  Valcour  Island, 
New  York.  The  type  is  from  the  quarries  near  the  Platts- 
burg Fair  Grounds  and  is  in  the  (/arnegie  Museum. 

llchcHella  exfoliata  sp.  nov. 

This  shell  is  distingiiished  from  IlehertMa  costalis  by  its 
smaller  size,  more  pronounced  dorsal  sinus,  and  by  the  fact 
that  the  striie  are  always  simple  instead  of  bifurcating.  It 
differs  from  11,  hoveidls  in  its  smaller  size,  and  in  the  narrow 
and  deej)  dorsal  sinus. 

Locality, — Common  hi  the  lower  part  of  the  Chazy  at  Chazy 
and  Valcour  Island ;  also  at  Plattsburg,  Valcour,  and  Isle  La 
Motte,  New  York.     The  type  is  in  the  Carnegie  Museum. 
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Orthidium  lamellosa  sp.  no  v. 

VeDtral  valve  strongly  convex,  the  area  high  and  curved 
backward.  Delthyriuin  narrow  and  open.  Along  the  middle 
of  the  valve  is  a  narrow^  and  sliallow  depression  in  which  there 
is  one  plication.  The  outline  of  the  shell  is  subquadrate.  The 
greatest  length  is  at  the  hinge  and  the  cardinal  extremities  are 
slightly  alate. 

The  dorsal  valve  has  a  narrow  median  sinus,  which  extends 
from  the  beak  to  the  front  and  usually  contains  2  })lications. 
There  are  commonly  about  20  sharp  plications,  which  are 
crossed  bv  stron":  concentric  lamellae  of  "growth. 

An  average  specimen  is  B"""  long  and  5*5'"'"  wide. 

Lorality, — Valcour  Island,  Chazy,  and  Crow^i  Point,  New 
York.     The  types  are  in  the  Yale  University  Museum. 

PEL  EC  Y  POD  A. 

Ctettodoiita  per  acuta  sp.  no  v. 

Shell  small,  longer  than  high,  the  beak  about  one-third  the 
length  from  the  posterior  margin.  Front  rather  drawn  out,  as 
in  Ctenodonta  naKnta  Hall.  The  greatest  convexity  is  at  the 
umbo,  the  posterior  slope  very  gradual.  Both  slopes  to  the 
hinge  abrupt,  but  that  to  the  basal  margin  gentle.  One  speci- 
men is  12™""  long  and  9"""  high.  This  species  may  be  distin- 
guished from  the  succeeding  one  by  its  more  depressed  valves 
and  by  the  prolongation  of  tlie  anterior  margin  into  a  some^ 
what  nasute  extension. 

Localitu, — Found  in  sonie  numbers  in  the  trilobite  lavers  at 
Sloop  Bay,  Valcour  Island,  and  in  the  middle  of  the  Crown 
Point  section.     The  type  is  in  the  writer's  collection. 

Ctenodotita  lirnbata  sp.  nov. 

Outline  nearly  circular,  the  beak  back  of  tiie  middle. 
Greatest  convexity  near  the  middle  of  the  valve ;  all  slopes 
steep.     The  cast  shows  a  few  faint  lines  of  growth. 

Length  of  largest  specimen  10'"'";  height  10""'\  A  smaller 
one  measures  8  x  8""". 

Locality, — All  the  specimens  are  from  the  trilobite  layers. 
Sloop  Bay,  Valcour  Island.  The  types  are  in  the  Yale  Uni- 
versity Museum. 

Ctenodonta  duhiaformls  sp.  nov. 

Shell  small,  moderately  convex,  beak  subcentral.  Greatest 
convexity  on  the  umbo,  the  slope  from  it  to  the  base  nearly 
flat.     Basal  margin  nearly  straight.     Anterior  end  nasute  and 
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longer  than  the  posterior,  which  is  regularly  rounded.  Front 
margin  rather  acute.  All  the  specimens  are  of  casts  without 
trace  of  hinge  teeth,  muscle  scars,  or  surface  markings. 

Largest  specimen  :  Length  19°^";  height  10-5'°"'.  Another: 
Length  I?'"™;  height  9"°^. 

Locality, — Sloop  Bay,  Valcour  Island.  The  type  is  in  the 
Yale  Univei*sitv  Museum. 


Ctenodonta  parvidens  sp.  no  v. 

Shell  oval  in  outline,  usually  flattened,  but  specimens  from 
the  harder  layers  show  considerable  convexity  below  the  umbo, 
with  regular  slopes  to  the  anterior,  posterior,  and  ventral  mar- 
gins. The  cast  shows  the  impression  of  numerous  very  fine 
teeth  on  the  hinge,  but  the  number  can  not  be  counted  as  the 
beak  is  always  flattened  down  upon  the  impression  of  tlie 
hinge.  One  specimen  exhibits  5  teeth  on  the  anterior  portion 
of  the  hinge.  Another  shows  7.  The  surface  is  marked  by 
very  numerous  fine  concentric  lines  of  growth. 

Locality. — In  shales  and  limy  clays  at  the  Hog's  Back, 
Ottawa. 

Clidophorns  obscttrns  sp.  no  v. 

Shell  small,  longer  than  high,  not  very  convex.  Basal  mar- 
gin nearly  straight,  anterior  margin  regularly  curved,  posterior 
end  compressed,  the  margin  acutely  rounded.  In  front  of  the 
beak  the  cast  shows  a  short  clavicular  impression,  which 
extends  about  half  the  distance  to  the  lower  margin. 

Length  6"'"' ;  height  4'"™. 

Locality,' — Trilobite  layers.  Sloop  Bay,  Yalcour  Island.  The 
type  is  in  the  Yale  collection. 


Cyrtodonta  tranceps  sp.  nov. 

Shell  roughly  rectangular  in  outline,  strongly  convex  at  the 
umbo  and  along  a  ridge  which  runs  diagonally  across  the  shell 
to  the  lower  side  of  the  posterior  margin.  In  front  of  this 
ridge  there  is  usually  a  slight  depression  running  from  the 
umbo  to  the  middle  of  the  lower  side.  The  posterior  margin 
is  regularly  rounded,  the  lower  side  straight  or  slightly 
indented.  The  anterior  end  extends  a  short  distance  in  front 
of  the  beak.  The  slope  to  the  hinge  is  flat  and  rather  steep. 
The  slope  to  the  front  and  base  is  gently  convex  and  more 
gradual.     The  surface  is  marked  by  numerous  concentric  lines. 

Locality, — Yalcour  Island,  Kew  York.  The  type  is  in  the 
collection  of  the  Carnegie  Museum. 
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Cyrtodonta  soUtaria  sp.  nov. 

Shell  roughly  triangular,  the  beak  a  little  behind  the  ante- 
rior end.  Hinge  line  short.  The  anterior  margin  is  narrow 
and  rounded,  the  base  long  and  straight,  incurved  at  about  45° 
with  the  hinge.  Posterior  regularly  rounded.  Shell  only 
moderately  convex,  the  slope  to  the  posterior  end  gradual  and 
to  the  front  nearly  flat. 

Length  15"'"';  height  12*5"^".  Surface  marked  by  concen- 
tric lines  of  growth. 

Locality, — Ledge  in  pasture  near  Tracy  Brook,  Chazy,  New 
York.     The  type  is  in  the  Yale  collection. 

Whitella  ca^^adensia  sp.  nov. 

Shell  small,  convex,  subrectangular  in  outline.  A  promi- 
nent ridge  extends  from  the  beak  to  the  lower  posterior  corner. 
From  this  ridge  the  slope  to  the  cardinal  and  posterior  margins 
is  abrupt,  while  there  is  little  slope  to  the  front  until  a  point 
in  front  of  the  beak  is  reached,  when  the  slope  is  suddenly 
deflected.     The  surface  is  marked  bv  concentric  undulations. 

Locality. — Aylmer  sandstone,  Aylmer,  Quebec. 

Clionychia  marginal  is  sp.  nov. 

Both  valves  moderately  convex,  the  umbones  somewhat 
depressed,  but  increasing  rapidly  in  height,  the  greatest  thick- 
ness of  the  valves  being  at  about  one-third  the  distance  from 
the  beak  to  the  lower  margin.  Hinge  line  short.  Tiie  poste- 
rior margin  is  broadly  rounded,  the  lower  margin  semi-circular. 
The  front  is  almost  straight.  The  greatest  convexity  is  along 
a  line  parallel  to  the  front.  The  posterior  and  lower  slopes 
are  gentle,  but  the  front  slope  is  abrupt,  almost  90°  with  the 
plane  of  union  of  the  valves.  The  surface  is  marked  by  very 
line  concentric  strise. 

One  specimen  is  20"'°  long  and  26*5"'"'  high. 

locality. — Chazy  and  Valcour  Island,  'New  York.  The 
type  is  in  the  Yale  collection. 

Amhonychia?  curvata  sp.  nov. 

Shell  large,  both  valves  very  strongly  convex,  especially 
along  the  region  of  the  front  and  middle  of  the  valves.  Beaks 
small,  incurved,  directed  a  little  forward.  Anterior  slope 
abrupt  and  overhanging.  Posterior  and  bottom  slopes  rather 
steep.  Posterior  wing  short.  The  posterior  margin  is  almost 
straight.  The  anterior  margin  is  regularly  curved.  The 
length  and  breadth  are  neai'ly  equal. 

Am.  Joub.  Sol — Fourth  Series,  Vol.  XX,  No.  119.— November,  1905. 
26 
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A  large  specimen  is  27"™  long  and  26™""  high.  Another  is 
43"™  long  and  30™"  high.  A  small  on6  is  10"™  long  and  10™" 
high. 

The  species  is  easily  recognized  by  the  curved  anterior  mar- 
gin and  the  great  convexity.  The  line  of  greatest  convexity 
follows  the  anterior  margin.  There  is  an  elongate  posterior 
muscle  faintly  outlined  on  some  of  the  casts.  The  general 
appearance  is  somewhat  like  Anihonychia  amygdalina  Ilall. 

Locality. — Valcour  Island,  Chazy,  and  Sloop  Island,  New 
York. 

Conocardium  beecheri  sp.  nov. 

Shell  very  small  but  robust,  with  long  anterior  and  short 
posterior  wings.  The  region  of  greatest  convexity  is  from  the 
beak  straight  to  the  base  of  the  shell,  the  curvature  decreasing 
gradually  forward  to  the  anterior  wing  and  rather  abruptly 
backward  to  the  posterior  wing.  The  anterior  wing  is  long, 
with  straight  lower  margin.  The  posterior  wing  is  short  and 
narrow,  joining  the  body  at  a  large  angle.  The  surface  is 
marked  by  7  or  8  large  plications  on  the  anterior  wing,  15  or 
20  smaller  ones  on  the  body  of  the  shell,  and  3  or  4  very  large 
ones  on  the  posterior  wing.  The  dimensions  of  2  specimens 
are:  First,  length  6-5™'",  height  5™";  second,  length  6"'", 
height  4'"'". 

Locality. — Sloop  Island,  east  of  Valcour  Island,  New  York ; 
also  on  Valcour  Island  and  at  Chazy,  Clinton  County,  New 
York. 

Modiolopsis  fabaformis  sp.  nov. 

Shell  small,  thick,  with  a  strong  ridge  extending  from  the 
umbo  to  the  lower  posterior  angle.  In  front  of  this  ridge  is  a 
deep  depression,  which  continues  to  the  middle  of  the  ventral 
margin,  making  that  margin  sinuate.  Anterior  ear  small, 
convex.  Anterior  margin  narrowly  rounded.  Posterior  mar- 
gin broadly  rounded,  not  oblique  as  in  Modiolopsis  brevius- 
cula  and  M.  patvittscula.  The  surface  is  marked  by  numer- 
ous concentric  lines  of  growth. 

Locality.— Common  in  the  upper  layers  at  Valcour  Island. 
The  type  specimen  is  in  the  writer's  collection. 

Modiolopsis  sowteri  sp,  nov. 

Shell  of  medium  size  for  the  genus,  rather  convex,  with  a 
strong  ridge  running  back  from  the  beak  to  the  lower  posterior 
angle.  Toward  the  front  is  a  slight  depression  running  from 
just  ahead  of  the  beaks  a  little  backward  to  the  basal  margin. 
In  front  of  the  beak  is  a  very  deeply  impressed  anterior  scar, 
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which  on  the  intenial  cast  is  represented  by  a  rounded  conical 
elevation.  The  j^osterior  scar  is  large  and  close  to  the  hinge 
line. 

Length  Sl'""^,  height  28' 

Length  S?"'"^,  height  20' 

Locality, — From  the  Ayhner  sandstone,  about  60  feet  above 
the  high-water  mark  of  Lake  Deschenes,  at  Aylmer,  Quebec. 
Collected  by  T.  W.  E.  Sowter,  for  whom  it  is  named.  The 
type  is  in  the  Yale  University  Museum. 

GASTROPODA. 

Archmacella?  deformata  (Hall). 

Orhiculu  f  deformata  HaU,  1847,  Pal.  N.  Y.,  vol.  i,  p.  23,  pi.  iv  bis,  figs. 
10a,  10b. 

Metoptoma  ?  dubia  Hall,  ibid.,  figs.  11a,  lib. 

Stenotheca  dubia  Whitfield  and  Hovey,  1808,  Catalogne  of  Type  and  Fig- 
ured Specimens  in  the  American  Museum  of  Natural  History,  Bull. 
Amer.  Mus.  Nat.  Hist.,  vol.  xi,  p.  58. 

An  examination  of  the  types  shows  that  Whitfield  was  right 
in  regarding  the  specimen  named  Orhimda?  deformata  by 
Hall  as  identical  with  Metoptoma  ?  duhia,  which  Hall  described 
on  the  same  page.  His  species,  however,  must  take  the  first 
specific  name  applied  to  it,  even  though  given  under  the  mis- 
apprehension that  it  was  a  brachiopod  instead  of  a  gastropod. 

The  generic  reference  is  uncertain  as  no  specimens  have 
been  found  which  show  either  muscle  scars  or  pronounced 
surface  markings.  It  cloes  not  seem  possible  to  leave  it  either 
in  the  genus  Metoptoina^  where  Hall  doubtfully  put  it,  or  in 
Stenotheca,,  where  it  was  placed  by  Whitfield.  In  general 
form  it  most  resembles  the  numerous  species  of  jh'chinacella 
described  by  Ulrich  and  Scofield,  to  which  it  may  be  referred 
until  better  examples  are  obtained.  The  individual  specimens 
of  this  shell  are  abundant  and  the  characters  are  quite  con- 
stant. It  is  easily  recognized  by  the  low  form  and  almost 
marginal  position  of  the  beak. 

Scenella  pretetisa  sp.  nov. 

Shell  small,  aperture  narrowly  elliptical  in  outline.  Height 
about  equal  to  the  greatest  diameter  of  the  aperture.  Beak 
small,  pointed  backward,  but  not  incurved.  Jrosterior  slope 
nearly  straight.  Anterior  slope  convex  above,  becoming 
straight  below.  Surface  smooth,  except  for  a  few  low  concen- 
tric undulations  near  the  base.  Beak  a  little  behind  the 
middle. 

The  greatest  diameter  is  ll"""  ;  the  shortest  is  G'S"'"".  Height 
11-5™". 


376     P.  E,  Raymond — Fauna  of  the  CJiazy  Limestone, 

Locality, — Rare  at  Chazy,  New  York,  in  the  Lower  Cliazy 
layers  south  of  the  lime  kilns.  It  occurs  also  at  Lenoirs, 
Tennessee. 

SceneUa  robusta  sp.  nov. 

Shell  large,  aperture  nearly  circular.  Beak  obtuse,  rather 
high,  and  located  a  little  behind  the  middle.  All  slopes  about 
equal  and  all  convex,  the  whole  shell  somewhat  hemispheric. 
Tlic  specimens  are  all  casts,  showing  no  surface  markings  of 
any  sort. 

The  only  perfect  example  is  17"""  in  greater  diameter  and 
16'"™  in  lesser.  A  much  larger  one  is  represented  by  a  frag- 
ment 27"""  long,  but  it  had  evidently  been  considerably  larger. 

Locality, — Valcour  Island,  in  the  Middle  Chazy  beds.  Rare. 
The  type  is  in  the  writer's  collection. 

Palceacmw.a  irregularis  sp.  nov. 

Shell  rather  large,  irregular  in  outline,  generally  subWrcular, 
but  never  with  a  smooth  curve.  Beak  obtuse,  almost  central, 
sometimes  a  little  back  of  the  center.  All  slopes  about  equal, 
generally  almost  straight,  but  occasionally  a  little  convex. 
Surface  marked  by  numerous  line  concentric  lines  of  growth, 
which  follow  the  irregular  form  of  the  aperture.  Usually 
there  are  a  few  radial  folds  and  some  irregular  depressions 
and  pits  which  do  not  follow  in  symmetrical  arrangement. 

The  greater  diameter  of  the  aperture  is  26"'"" ;  tlie  lesser  is 
IC"™.  The  aperture  of  another  is  lO'""'  long,  IS'"™  wide,  and 
the  apex  is  9™™  above  the  aperture. 

Locality, — Common  in  lower  layers  at  Chazy,  New  York. 

Helicotoma  vagrans  sp.  nov. 

Shell  small,  somewhat  J/^/cZwr^a-like,  the  spire  flat  and 
depressed  below  the  plane  of  the  highest  points  on  the  upper 
surface.  Outer  edge  of  the  body  whorl  angular,  raised  as  a 
high  sharp  ridge  toward  the  aperture.  Lower  surface  of  the 
shell  rounded,  the  umbilicus  wide.  Aperture  large,  quadri- 
lateral, angular  above,  rounded  below.  Surface  marked  by 
fine  lines  of  growth,  which  turn  back  on  crossing  the  angle  of 
the  upper  surface. 

Locality, —  A  rare  fossil  at  Valcour  Island,  New  York.  The 
type  is  in  the  writer's  collection. 

JEotomaria  obsoletum  sp.  nov. 

Shell  small,  trochiform,  with  about  four  volutions.  The 
upper  part  is  conical,  the  volutions  are  flat,  and  the  sutures  only 
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sliglitly  impressed.  The  lower  surface  is  convex,  umbilicus 
small.  The  present  specimen  is  a  cast  and  shows  no  surface 
markings.  Aperture  large,  angnlated  on  the  side,  rounded 
below. 

Locality, — Crown  Point  and  Yalcour  Island,  New  York. 
Very  rare.     The  type  is  in  the  writer's  collection. 

Loj)ho8pira  rectangular  is  sp.  no  v. 

Shell  fairly  large,  with  5  volutions.  Body  whorl  very  large, 
spire  small.  Last  3  whorls  with  sides  parallel  to  the  axis  of 
tlie  shell.  Aperture  large,  nearly  circular.  Upper  lip  nearly 
straight,  meeting  the  straight  outer  lip  at  an  obtuse  a^jgle. 
The  inner  and  lower  sides  of  the  aperture  are  rounded.  Tlie 
umbilicus  is  very  small. 

All  the  specimens  in  the  collection  are  casts  of  the  interior 
and  do  not  show  anything  more  than  traces  of  the  surface 
markings.  They  were  probably  tlie  same  as  in  Lophospira 
suhalhreviata. 

Locality. — A  rare  species  from  Valcour  Island,  Xew  York. 
The  type  is  in  the  writer's  collection. 

Lophospira  hiUingsi  sp.  nov. 

Shell  of  4  volutions,  body  whorl  very  large,  spire  low,  whorls 
angular,  sloping  gently  from  the  suture  to  the  keel.  The  under 
side  of  the  body  whorl  is  rounded  and  strongly  convex.  The 
umbilicus  is  small.  The  aperture  is  entire,  the  inner  and 
lower  lips  are  rounded,  the  upper  lip  is  straight  from  the, 
suture  to  the  keel,  sharply  angulated  at  the  keel  and  nearly 
straight  for  a  short  distance  below  it.  The  surface  is  covered 
by  rather  coarse  lines  of  growth,  which  run  first  forward  and 
cross  the  upper  side  of  the  volution  diagonally  and  backward, 
again  turnmg  forward  after  crossing  the  volution.  On  the 
under  surface  of  the  whorl,  the  striae  turn  back  to  the 
umbilicus. 

I^ocality, — From  the  (.-anadian  Pacific  Railroad  cut,  east  of 
Main  street,  Avlmer,  Canada.  Xamed  for  W.  R.  Billings  of 
Ottawa,  an  enthusiastic  student  of  the  Chazv. 

Cyclonetua  /  normaliana  sp.  nov. 

Shell  small,  elongate  trochiform,  with  4  or  5  whorls,  which 
enlarge  gradually.  Sutures  not  deeply  impressed  and  volu- 
tions almost  flat  sided.  The  under  surface  of  the  last  whorl  is 
flat  or  slightly  convex.  The  surface  is  marked  by  3  or  4  revolv- 
ing raised  lines  or  low  keels. 

Locality. — Lower  Chazy,  near  the  Normal  School  at  Platts- 
burg,  New  York. 
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Eunema  leptonotum  sp.  nov. 

Shell  small,  with  about  4  whorls,  which  increase  gradually 
toward  the  base.  The  whorls  are  all  convex,  the  suture  is 
deeply  impressed.  The  firet  3  whorls  are  smooth  and  Ilolopea- 
like.  The  fourth,  or  body,  whorl  is  ornamented  by  5  sharp 
revolvinor  ridges,  equally  spaced.  These  ridges  are  crossed  by 
fine  vertical  lines,  which  are  close  together  and  give  the  ridges 
a  pitted  appearance.     The  aperture  is  not  seen. 

The  height  of  the  shell  is  S"""";  the  width  of  the  body  whorl 
3;5"^"\ 

This  shell  is  not  uncommon  in  the  Chazy,  but  on  account  of 
its  small  size  and  liability  to  exfoliation  it  is  often  overlooked 
or  is  in  too  imperfect  a  condition  to  be  positively  identified. 

Locality, — Lower  Chazy,  at  Chazy,  New  York.  The  t^qie 
is  in  the  Yale  collection. 

Trochonema  dispar  sp.  nov. 

Shell  rather  large,  consisting  of  3  whorls  with  depressed 
spire  and  very  large  body  whorl.  The  suture  is  very  deep. 
The  whorls  are  almost  free.  The  body  whorl  has  a  flat 
revolving  band  on  the  outer  side.  The  top  is  flat  and  sloping 
and  the  lower  side  strongly  convex.  The  surface  markings  are 
not  shown.  The  umbilicus  is  large  in  the  cast,  but  rather 
small  in  testiferous  specimens. 

Locality. — Fairly  common  on  Yalcour  Island,  in  a  locality 
at  the  south  end.  It  is  rare  elsewhere  on  the  island  and  at 
Chazy,  New  York.     The  type  is  in  the  writer's  collection. 

Siihulitts  prolongata  sp.  nov. 

Shell  small,  elongate,  fusiform,  with  about  6  (?)  whorls 
(specimen  shows  body  whorl  and  3  above).  The  whorls  are 
long  and  narrow,  decreasing  slowly  and  regularly  toward  the 
top.  The  body  whorl  is  about  equal  to  the  length  of  the  2 
w^iorls  above  it  and  is  contracted  below.  The  aperture  is  not 
shown. 

The  length  of  the  fragment  is  29""" ;  the  greatest  thickness 
is  :5'""\     Probably  the  total  length  was  about  35"'°*. 

LjOcality. — Sloop  Bay,  Valcour  Island.  The  type  is  in  the 
Yale  collection. 

HoIo])ea  hudsoni  sp.  nov. 

Shell  usually  large,  with  about  4  whorls.  The  body  whorl 
is  large,  robust,  expanding  rapidly.  Tlie  spire  is  fairly  long, 
whorls  strongly  convex,  sutures  very  deep.  Aperture  nearly 
circular,  entire ;  the  outer  lip  thin,  the  inner  lip  free  from 
the  body  whorl.     The  umbilicus  is  small. 
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The  surface  is  usually  smooth.  Some  easts  show  traces  of 
lines  parallel  to  the  margin  of  the  outer  lip.  These  lines  run 
a  little  forward  from  the  suture,  continuing  in  this  direction 
over  the  bulge  of  the  whorl,  then  curve  a  little  backward  and 
tinally  forward  again  at  the  lower  end. 

Locality. — Rather  common  at  Crown  Point,  Valcour,  Val- 
cour  Island,  Plattsburg,  and  Chazy,  New  York.  The  type  is 
in  the  writer's  collection. 

Holopea  scrutator  sp.  uov. 

Shell  of  medium  size,  about  3  whorls,  the  body  whorl  con- 
stituting by  far  the  larger  part  of  the  shell.  Spire  depi'essed, 
sutures  not  deep.  Aperture  elongate,  oval,  entire.  Umbilicus 
small. 

The  specimens  usually  occur  as  casts,  but  on  a  few  the  shell 
is  preserved.  It  shows  no  markings  except  a  few  growth 
lines,  which  run  diagonally  back  across  the  whorl.  When  the 
specimens  are  exfoliated  the  suture  lines  are  much  more  deeply 
impressed  and  the  spire  appears  higher. 

This  shell  is  easily  distinguished  from  the  preceding  by  the 
low  spire,  the  shallowness  of  the  sutures  and  the  general 
depressed  form  of  the  shell. 

Locality. — Common  at  Valcour  Island  and  Chazy,  New 
York.     The  type  is  in  the  Yale  Collection. 

Conularia  triangidata  sp.  nov. 

Shell  small,  slender,  slightly  curved,  6-sided,  but  3  of  the 
sides  are  so  narrow  as  to  give  the  shell  an  almost  triangular 
cross  section.  The  narrow  faces  alternate  with  the  wide  ones, 
the  former  truncating  the  angles  which  the  latter  would  make 
if  prolonged  till  they  met.  Along  each  of  the  faces,  both 
wide  and  narrow,  is  an  elevated  line,  which  extends  longitudi- 
nally along  the  center  of  the  face.  The  surface  markings 
consist  of  numerous  tine  tran verse  stria?,  which  bend  backward 
on  crossing  the  raised  line. 

The  best  specimen  in  the  writers  collection  is  broken  at  the 
tip  and  at  the  aperture,  yet  is  38°'"'  long.  The  original  length 
was  at  least  8"""'  more.  At  the  largest  end  the  3  wide  faces 
are  each  T""'"  wide  and  the  narrow  faces  are  each  1-5™°^  wide. 
At  the  small  end  the  wide  faces  are  2*5""^  wide  and  the  narrow 
faces  are  reduced  to  practically  nothing,  thus  showing  that  in 
young  stages  the  shell  was  really  triangular. 

Locality. — The  type  specimen,  whicli  is  in  the  writer's  col- 
lection, was  found  in  the  n]y|)er  part  of  the  Chazy,  on  the 
southeast  point  of  Valcour  Island  (Cystid  Point).  It  also 
occurs  near  Smuggler's  Bay,  in  layers  a  little  lower  in  the 
formation. 
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OSTBA.CODA. 

Leper ditia  limatula  sp.  no  v. 


[mm 

:mm 
:mm 


Len.fijtli  lO-S'""" ;  lieight  7*5* 

Length  O""" ;  height  6' 

Length  9-5™'" ;  height  6.25» 

Length  9.5""* ;  heiglit  7"5' 

Shell  of  medium  size,  a  Httle  smaller  than  Leperditia  fahu' 
litesj  oblong  in  outline,  higher  behind  than  in  front.  Hinge 
short,  straight.  Anterior  end  regularly  rounded.  The  poste- 
rior end  slopes  back  almost  straight  for  a  short  distance,  but  is 
broadly  rounded  on  the  lower  posterior  margin.  The  eye 
tubercle  is  small,  on  some  specimens  sharp,  on  others  obscure. 
It  is  situated  in  the  anterior  angle,  above  and  a  little  in  front 
of  the  "  muscle  spot."  The  latter  is  large,  circular,  and  very 
finely  reticulated.  Back  of  the  muscle  spot  is  a  region  of  the 
shell  which  is  covered  with  fine  raised  lines  radiating  from  the 
side  of  the  spot.  These  lines  frequently  anastomose,  making 
a  very  pretty  reticulate  surface.  The  muscle  spot  is  raised 
above  the  general  surface  of  the  carapace  on  the  lower  poste- 
rior side,  where  these  lines  originate,  but  the  upper  and  ante- 
rior sides  are  level  with  the  main  part  of  the  shell. 

The  right  valve  overlaps  the  left  valve  considerably,  espe- 
cially along  the  ventral  edge,  which  is  abruptly  deflected  and 
usually  shows  a  low  short  ridge  right  at  the  keel.  The  lower 
margins  of  the  anterior  and  posterior  ends  are  flanged.  The 
border  is  very  narrow  and  is  marked  by  small  pits,  which 
increase  in  size  ventrally.  On  one  finely  preserved  specimen 
the  anterior  flange  shows  8  pits,  of  which  the  seventh,  counted 
from  the  front,  is  largest,  and  the  eighth  is  very  small.  On 
the  posterior  flange  of  the  same  specimen  there  are  10  pits, 
the  eighth  from  the  posterior  end  being  the  largest,  the  nmth 
a  little  smaller,  and  the  tenth  minute.  The  left  valve  is  not  so 
high  in  proportion  to  the  length  as  the  right  valve,  but  it  is 
also  abruptly  deflected  ventrally.  It  shows  neither  anterior 
nor  posterior  flanges  and  there  is  a  small  projection  close  to 
the  ninge  line  and  parallel  to  it.  Below  tliis  is  a  slight 
depression. 

LocalUf/, — Common  on  Yalcour  Island  in  certain  localities. 
Rare  at  Yalcour  and  Chazy,  New  York. 

Priniitia  latimarginata  sp.  nov. 

(/arapace  small  and  depressed.  Front  and  posterior  margins 
meet  the  dorsal  margin  at  angles  of  little  more  than  90°. 
Both  ends  are  broadly  rounded,  the  ventral  margin  is  gently 
curved.     The  shell  is  a  little  higher  at  the  posterior  end  than 
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in  front.  There  is  a  deep  sulcus  just  in  front  of  the  middle, 
which  starts  from  the  dorsal  margin  and  extends  half-way 
down  the  valve,  turning  a  little  forward  at  the  lower  end.  On 
well-preserved  specimens,  in  front  of  this  sulcus  there  is  a 
prominent  eye  spot,  which  is  sometimes  translucent.  Often 
there  is  another  slight  depression  or  sulcus  in  front  of  the  eye 
spot.  The  border  is  wide,  concave,  and  of  nearly  uniform 
width  all  around  from  the  anterior  angle  of  the  dorsal  margin 
to  the  posterior  one.     The  test  is  frequently  punctate. 

Locality. — Common  all  through  the  Chazy  limestone  at 
Chazy,  Valcour  Island,  Crown  Point,  and  elsewhere  in  the 
Champlain  Valley. 

TRILOBITA. 

Heliotnera  subgen.  nov. 

Heliomera  sol  (Billings). 

Cheinirus  sol  BiUings,  1865,  Paleozoic  Fossils  of  CanadH,  vol.  i,  p.  288, 
fig.  276. 

Cephalon  short,  wide,  the  glabella  very  large  and  flattened, 
the  cheeks  small.  Glabella  almost  semi-circular,  with  3  pairs 
of  long,  narrow  glabellar  furrows,  all  of  which  turn  backward 
on  their  inner  ends,  each  joining  the  one  back  of  it,  and  the 
third  pair  joining  the  neck  furrow,  thus  producing  a  central 
lobe  like  that  of  AmphilicJuia,  This  central  lobe  is  of  uniform 
width  up  to  the  inner  ends  of  the  first  pair  of  glabellar  fur- 
rows, but  turns  outward  in  front  of  that  point.  Toward  the 
front  of  this  median  lobe  there  is  a  slight  depression,  some- 
what similar  to  that  sometimes  seen  in  Plioraerops  canadensis. 
The  first  pair  of  glabellar  furrows  run  backward  at  an  angle 
of  about  45°,  the  second  pair  at  a  smaller  angle,  while  the 
third  pair  are  nearly  parallel  to  the  neck  furrow.  The  glabel- 
lar lobes  are  narrow  and  club-shaped.  This  radiating  arrange- 
ment of  the  glabellar  furrows  and  lobes  probably  suggested 
the  specific  name.  The  neck  ring  is  wide,  flat,  and  separated 
from  the  glabella  by  a  deep  furrow,  which  extends  the  whole 
width  of  the  cephalon.  The  cheeks .  are  not  sufliciently  well 
preserved  to  be  described,  but  enough  of  the  test  remains  to 
show^  that  the  outline  of  the  cephalon  was  the  same  as  in 
Pseudosphoerexochiis  imlcanus.  There  is  a  narrow  smooth 
border  all  around  the  front  of  the  cephalon,  and  the  surface  is 
covered  with  fine  tubercles.  The  relations  of  this  species  are 
rather  doubtful.  From  the  form  of  the  cephalon  it  evidently 
belongs  close  to  Pseudosphcere.vochus^  but  there  has  not  been 
seen  in  species  of  that  genus  any  tendency  to  vary  in  the 
direction  of  an  isolated  central  lobe  and  long  isolated  glabellar 


382    P,  E,  Raymond — Fauna  of  the  Chazy  Limestone, 

furrows.  Tlie  glabellar  furrows  in  the  various  species  of 
Pseiidosphmrexoclms  are  usually  faint,  never  deeply  impressed 
as  in  this  species.  In  this  last  character  and  in  tne  presence 
of  the  median  depression  of  tlie  glabella,  it  recalls  PUomerops, 
The  glabella  is  much  larger  in  proportion  to  the  size  of  the 
cephalon  in  Ileliomera  sol^  however,  and  it  is  probable  that 
this  form  must  be  regarded  as  intermediate  between  the  two 
genera.  For  trilobites  with  this  type  of  glabellar  structure 
the  subgeneric  name  Ileliomera  is  suggested. 

Locality, — From  the  liaphistoma  layers  in  the  upper  part 
of  the  Lower  Cliazy,  at  Chazy,  New  York.  The  type  is  in 
the  Yale  University  Museum. 

Paleontological  laboratory, 
Yale  University  Museum,  June  24,  1905. 
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Art.  XXXIX. —  The  Mechanical  Properties  of  Catgut  Musi- 
cal Strings  ;  by  J.  11.  Bexton,  Ph.D. 

TuK  experimeuts  here  described  were  made  in  connection 
with  investigations  on  the  stress-strain  relation  in  elastic  solids, 
carried  out  at  the  Geophysical  Laboratory  of  the  Carnegie 
Institution  under  the  direction  of  Dr.  6.  F.  Becker,  to  whom 
the  writer  desires  to  make  acknowledgment  for  many  valuable 
suggestions  in  regard  to  the  work  presented  in  this  note. 
Itesearches  on  the  stress-strain  relation  have  been  made  for 
rubber  and  for  the  metals ;  and  it  was  tliousrht  of  interest  to 
experiment  also  on  a  substance  of  intermediate  properties  as 
regards  extension  within  the  elastic  limit ;  for  this  purpose, 
catgut,  as  used  for  strings  of  musical  instruments,  appeared  to 
be  best  adapted.  Owing  to  its  hygroscopic  properties  and  the 
complicated  nature  of  the  after-effects  it  exhibits,  it  was  found 
that  a  precise  determination  of  the  deviations  from  Ilooke's 
law  would  involve  an  amount  of  labor  far  greater  than  was 
thought  to  be  warranted  by  the  importance  or  the  substance. 
Such  results  as  were  obtained,  however,  together  with  general 
data  on  the  mechanical  properties  of  catgut,  seem  of  sulHcient 
interest  to  justify  the  publication  of  the  present  note. 

Teiisile  Strength, — A  piece  of  catgut  'OGP"'  in  diameter  had 
an  average  breaking  load  of  12*0  kg.,  corresponding  to  a  ten- 
sile strength  of  43  kg.  per  mm"  (t)0,000  lbs.  per  s(|.  in.).  A 
piece  '038*^"^  in  diameter  broke  under  4*5  kg.,  corresponding  to 
a  tensile  strength  of  41  kg.  per  mm'.  These  figures  show  that 
it  is  nearly  as  strong  as  copper  wire,  and  must  be  classed  as 
one  of  the  strongest  organic  substances,  far  exceeding  all  kinds 
of  wood  (less  than  20,000  lbs.  per  sq.  in.),  leather  (5000  lbs. 
per  sq.  in.),  and  hemp  ropes  (15,000  lbs.  per  sq.  in.). 

Catgut  musical  strings,  as  furnished  on  the  market,  are 
twisted,  and  tend  to  untwist  when  subjected  to  tension,  and  to 
twist  up  again  when  tension  is  removed.  In  order  to  study 
their  elasticity,  this  twist  must  be  removed,  which  is  accom- 
plished by  soaking  the  string  in  water.  If  hot  water  is  used 
the  string  becomes  very  soft,  and  contracts  greatly  in  length. 
In  this  condition  it  behaves  verv  much  like  rubber:  it  can  be 
stretched  to  nearly  double  its  unstrained  length,  and  when 
I'eleased  it  snaps  back  like  a  rubber  band. 

It  is  greatly  weakened,  however,  by  being  wet ;  but  it 
regains  its  strength  more  or  less  completely  upon  drying,  as 
shown  in  the  following  table : 
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Catgut  string,  •038*'"  in  diameter. 
Average  breaking  load  before  special  treatment,  4*5  kg. 


Number 

of 

tests. 

2 
1 
2 
1 
4 


Treatment. 


Breaking 

load 
in  kgs. 


Soaked  ^  hr.  in  water  at  30°  C,  then  tested  i 

while  wet         2*1 
"         "  "         "         "    dried,  then 

tested 
Soaked   1    hr.  in  water  at  30°  C,  dried  for 

five  dayp,  then  tested 
Soaked  5  min.  in  water  at  90°  C,  then  tested 

while  wet 
"         "  *<  "         "     dried,  then 

tested 


5-0 

4-3,  4-4 
less 
than  0-5 


1-0-1-9 


Elongation  at  Rupture, — A  piece  0'0t)2^™  in  diameter,  and 
5'9^'"  lon^,  stretchea  to  7*0*'"'  just  before  rupture,  or  19  per 
cent  of  its  original  lengtli.  Another  test  gave  15  per  cent. 
These  figures  include  whatever  stretching  w^as  due  to  nn twist- 
ing. After  rupture  the  pieces  were  too  much  frayed  out  for 
any  determination  of  their  length. 

Specific  gravitu, — By  weighing  a  piece  of  catgut  (not  treated 
with  w-ater)  of  known  length  and  cross  section,  its  specific 
gravity  was  determined  as  1*18  (d=0-01). 

All  the  remaining  experiments  to  be  described  were  made 
on  a  violin  E-string,  150"^"  long  and  0-062''"'  in  mean  diameter 
(the  diameter  w^as  not  qnite  uniform,  varying  between  0*059 
and  0*65).  It  was  freed  from  its  original  torsion  on  August 
20,  1904,  by  soaking  one  and  a  half  hours  in  water  of  30°  C, 
and  while  drying  it  supported  a  load  of  0*5  kg.  The  experi- 
ments were  carried  on  from  time  to  time  during  the  following 
year,  at  intervals  during  the  prosecution  of  other  work. 

It ygroscopic properties. — Upon  setting  up  this  string  and 
siglitiug  with  a  micrometer  telescope  at  a  point  near  its  lower 
end,  it  was  at  once  seen  that  the  lengtli  of  the  string  did  not 
remain  constant ;  and  by  observing  at  intervals  and  determin- 
ing the  humidity  of  the  air  at  tlie  same  time,  it  was  easily 
demonstrated  that  the  string  stretched  when  the  dampness 
increased  and  contracted  when  it  decreased.  This  is  in  accord- 
ance with  the  well-known  tendency  of  violin  strings  to  break 
in  dry  weather.  When  the  weather  is  damp  the  string  has  to 
be  tightened  to  maintain  the  tension  to  keep  it  in  tune;  with 
increasing  dryness  its  tension  increases  until  finally  it  snaps. 
The  actual  tension  required  on  a  violin  E-string  to  produce  the 
proper  pitch  of  640  vibrations  per  second  may  be  computed 
from  the  length  of  string  (about  BS*""')  and  its  specific  mass 
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(0"0035  g.  per  cm.  of  length)  by  the  well-known  formula  for 
transverse  vibrations  of  strings,  and  comes  out  about  6  kg.,  or 
about  one-half  of  the  breaking  load.  During  the  above  experi- 
ments the  string  carried  a  load  of  1*0  kg,  and  the  temperature 
was  20  to  25°  C.  The  order  of  magnitude  of  the  changes  was 
0'0002  of  the  length  of  the  string  lor  each  cm.  of  mercury  of 
vapor  tension.  Precise  determination  of  the  dependence  of 
length  on  humidity  was  made  prohibitively  diflScult  by  the 
phenomena  described  in  the  following  paragraph. 

After-effects. — Whenever  any  change  was  produced  in  the 
conaitions,  the  catgut  did  not  at  once  come  into  equilibrium 
under  the  new  conditions,  but  did  so  only  gradually.     Thus, 


Figure  1. — Length  and  Humidity  as  Functions  of  Time. 

when  the  load  upon  it  was  changed,  it  exhibited  in  marked 
degree  the  well-known  elastic  after-effect,  requiring  some  days 
to  come  to  sensible  equilibrium,  during  which  time  the  change 
in  length  due  to  change  in  load  increased  by  about  25  per  cent 
of  its  final  amount.  It  was  found  also  that  the  stretch  due  to 
humidity  tended  to  continue  after  a  change  of  humidity  ceased ; 
this  could  easily  be  seen  in  the  fluctuations  of  humidity  accom- 

Eanying  changes  of  weather  ;  but  no  facilities  for  controlling 
uraidity  were  available,  and  so  no  attempt  could  be  made  to 
study  these  phenomena  thoroughly.  No  doubt  some  time  is 
required  for  moisture  to  penetrate  into  the  interior  of  the  cat- 
gut.    The  curves  of  figure  1  represent  change  of  length  of  the 
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catgut,  and  luirnidity  (absolute),  both  as  functions  of  time. 
After-effects  were  detected  also  in  connection  with  change  of 
temperature. 

The  elastic  after-effect  is  of  course  responsible  for  the  beha- 
vior of  new  strings  on  violins,  which  get  out  of  tune  very 
rapidly  at  first,  and  always  in  the  direction  of  lower  pitch. 
With  greater  duration  of  the  tension  the  after-effect  becomes 
less  marked  and  the  material  approaches  equilibrium  under  the 
imposed  conditions.     But  if  left  for  some  time,  the  tendency 

is  always  towards  lower  rather  than  higher 
pitch,  if  temperature  and  humidity  do  not 
2  change. 

To  protect  the  string  from  changes  of  humid- 
ity, it  was  placed  inside  of  a  tube  of  galvanized 
iron  C' spout-pipe"),  6  inches  in  diameter,  and 
2  meters  long,  the  seam  of  which  was  soldered 
up  (A:,  tig.  2).  Near  the  top  and  bottom,  plate 
glass  windows  (J,  5),  7^X15'",  were  fastened 
into  it  and  made  moisture-tight  by  liberal  appli- 
cation of  thick  grease  (''  mobilubricant  ")  be- 
neath the  glass  and  around  its  edges.  Inside 
the  bottom  of  the  tube  a  circular  trouirh  (^,  fig. 
2)  4"^"'  wide  w^as  soldered  against  it  and  filled 
with  engine  oil.  A  hanger  was  attached  to  the 
bottom  of  the  catgut,  and  hung  through  the 
hole  in  the  middle  of  the  trough;  to  this 
hanger  was  fastened  an  inverted  cup  {a)  of  tin, 
which  dipped  into  the  oil  of  the  trough.  Thus 
the  catgut  was  completely  protected  against 
changes  of  moisture  in  the  air,  and  at  the  same 
time  could  be  subjected  to  any  desired  tension 
by  placing  w^eights  upon  the  hanger  sticking 
out  from  the  bottom  of  the  tube.  The  whole 
arrangement  was  supported  from  the  ceiling 
and  braced  against  the  floor.  Micrometer  tele- 
scopes for  reading  at  top  and  bottom  were  sup- 
ported from  the  tube  itself.  The  top  telescope 
^  took  account  of  any  sinking  of  the  upper  sup- 
port ;  the  distance  between  the  two  marks 
sighted  upon  on  the  string  was  138*^™.  The  tele- 
scope at  the  bottom  could  be  shifted  bodily  to  keep  up  with 
stretching  of  the  string ;  a  reflection  prism  was  fastened  to  it 
in  front  of  its  objective,  and  reflected  into  its  field  of  view  the 
image  of  a  steel  centimeter  scale  fastened  vertically  near  by. 
In  this  way  the  shift  of  the  telescope  when  moved  could  be 
measured. 

Coefficient  of  Thermal  Expansion. — After  the  catgut  had 
been  in  the  tube  four  days,  readings  were  made  upon  it  from 


w 
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time  to  time,  and  were  still  found  to  fluctuate.  Upon  compar- 
ing these  readings  with  those  for  tempemture.  it  was  obvious 
that  the  changes  were  related  to  it,  as  may  be  seen  in  figure  3 ; 


X9  50 

Titi* 1>W5«  (Af».l-  M*,,  I9«5) 


Figure  3. — Tempemture  and  Length  as  Fnnctionb  of  Time. 
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FiouBE  4. — Dependence  of  Length  on  Temperature. 
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but  again  tlie  state  of  affairs  is  complicated  by  after-effects. 
These  were  simply  neglected,  however,  and  equations  were  set 
up  for  the  determination  of  the  coeflScient  of  expansion,  using 
eighteen  observations ;  solving  them  by  the  method  of  least 
squares,  the  coefficient  of  linear  expansion  came  out  — 0*000081 
per  degree  centigrade.  The  observations  used  are  shown 
graphically  in  figure  4.  As  the  coefficient  of  expansion  comes 
out  negative  and  larger  in  absolute  vahie  than  for  most  sub- 
stances, the  question  arises  whether  the  data  obtained  were  not 


Figure  5. — Elastic  After-effect  upon  removing  0*5  kg. 
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Figure  6.— Elastic  After-effect  upon  applying  2*5  kgs. 
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influenced  by  humidity.  In  the  enclosure  containing  the  cat- 
gut, the  absolute  humidity  was  constant,  but  the  relative 
humidity  increased  as  tlie  temperature  fell ;  and  it  may  be  that 
under  such  conditions  the  material  tends  to  absorb  moisture 
and  thus  increase  in  length.  It  is  possible,  therefore,  that  in  a 
perfectly  dry  atmosphere,  the  behavior  of  catgut  under  vary- 
ing temperature  miglit  be  quite  different. 

EUistieity. — To  get  at  the  true  elastic  properties  of  the 
material  it  would  be  necessary,  after  each  change  of  load,  to 
wait  until  the  disappearance  of  the  after-effect  before  deter- 
mining the  corresponding  length  of  the  string.     In  strictness. 
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an  infinite  time  would  be  requisite  for  tliis ;  but  practically 
the  following  procedure  cun  be  adopted,  and  was  employed  in 
these  exjKjriments:  After  each  change  of  load,  observations  on 
the  length  of  the  string  were  made  at  intervals  of  a  few  hours 
for  seveml  days,  and  corrected  for  thermal  expansion.  From 
the  data  thus  obtained,  a  curve  was  plotted  with  times  for 
abscissas  and  lengths  for  ordiuates  ;  and  from  this  curve  the 
final  length  whicli  the  string  tended  to  reach  with  disappear- 
ing after-effect,  was  estimated.  Of  course  such  an  estimation 
involves  considerable  uncertainty  and  arl)itrariness ;  but  no 
other  course  seems  available,  as  long  as  ex{)eriment8  must  be 
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limited  to  finite  time.  Two  of  the  curves  obtained  in  this 
manner  are  exhibited  in  figures  5  and  6,  tofi^ether  with  their 
asymptotes  as  estimated.  Such  curves  were  taken  after  each 
change  of  load  ;  but  it  is  not  thought  to  be  of  any  interest 
here  to  submit  more  than  two  of  them,  or  to  present  tables  of 
the  numerical  data  from  wliich  the  curves  are  plotted. 

The  results  obtained  in  this  manner  are  summarized  in  the 
accompanying  table.  After  any  load  had  acted  for  a  few  days 
it  was  removed,  and  the  string  left  unloaded  a  few  days  before 
the  next  load  was  applied.  The  individual  readings  were  made 
to  thousandths  of  centimeters ;  but  the  estimation  of  the  length 
to  which  the  string  tended  at  infinite  time  was  carried  out 
only  to  hundredths.  The  first  column  of  the  table  gives  the 
loads,  in  kilograms,  placed  upon  the  hanger,  which  itself 
weighed  about  0*5  kg. ;  the  third  column  gives  the  total  elon- 
gation after  disappearance  of  the  after-effect,  estimated  as 
explained  above ;  the  sixth  column  gives  the  after-effect,  of 
change  of  strain  from  the  first  instant  (practically  about  Oh 
seconds)  after  applying  the  load  until  final  equilibrium  is 
reached,  expressed  as  percentage  of  the  total  final  strain  ;  the 
other  columns  require  no  explanation. 

Violin  E-8tring,  0  062""  in  diameter. 


1 

Time 

Stress 

Total 

Young's  [ 

the 

Mean 

in  kgs. 

elonga- 

modulus 

After- 

load 

temi>er- 

Load,  in  kgs. 

per 

tion  in 

Strain. 

in  kgs. 

effect. 

acted, 

ature. 

mm^. 

CUIB. 

per  mm'. 

in 

''C. 

days. 

0-5  \  {m^^^^\  \ 

(  (removed)  j 

1-06 

(  0-59  ) 
(  0-02  j 

00044 

378 

(  30;r' 

)   33j^r' 

5 
5 

24 
24 

ro     (applied) 

3-31 

1-39      0-0101 

328 

44^ 

6 

24 

1  -5     (removed) 

4-97 

2-26      !0-0l64 

303 

26^ 

5 

25 

2.,j  (  (applied)    1 
(  (removed)  ) 

6-03 

{ i'H  \  "-0"* 

335 

(  22J^ 
]  29^ 

4 

1 

28 
29 

((applied)    j 
\  (removed)  j 

8-29 

\  Vi  \  '»■««« 

304 

\  22^ 

5 

31 

(  29,^ 

4 

28 

3-0     (applied) 

9-95 

4-66      .0-0338 

294 

20f?; 

8 

27 

3*5     (applied) 

11-60 

5-17     iO-0375 

310 

15^ 

6 

28 

Younrfs  ModnlusJ^ — The  mean  value  of  Young's  modulus 
from  these  experhnents  comes  out  322  kgs.  per  mm%  or  458,000 

♦  The  values  of  Young's  modulus  given  in  the  above  table  are  obtained  by- 
direct  division  of  each  stress  by  the  corresponding  strain.  In  strictness. 
Young's  modulus  should  be  determined  from  the  slope  of  the  stress-strain 
curve  at  the  origin.  But  in  the  special  case  that  the  stress-strain  curve  is  a 
straight  line,  the  quotient  of  stress  by  strain  for  any  point  of  the  curve  gives 
the  same  result  as  the  slope  at  the  origin.  The  data  under  discussion  not 
being  sufficiently  regular  to  determine  the  true  form  of  the  stress-strain 
curve,  it  is  taken  as  a  straight  line  within  the  limits  of  the  experiments ;  and 
this  justifies  the  above  method  of  determining  Young's  modulus. 
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lbs.  per  6q.  in.  If  observationB  taken  immediately  after  apply- 
ing the  loads  had  been  used,  instead  of  those  after  the  disap- 
pearance of  the  after-effect,  we  would  have  about  400  kg.  per 
mm"  for  Young's  modulus ;  and  this  latter  ligure  represents 
the  elastic  resistance  of  the  material  to  a  stress  applied  for  a 
short  time,  as  in  longitudinal  vibrations  of  the  string. 

Limit  of  Elasticity. — As  is  seen  from  the  table,  slight  per- 
manent set  appears,  though  not  with  great  certainty,  after 
applying  2*5  Kg  (+0*5  kg.  for  the  hanger).  That  makes  the 
limit  of  elasticity  about  8  kg.  per  mm",  corresponding  to  a 
strain  of  27  per  cent. 

Str/?sS'Strain  Jielation, —  The  results  tabulated  above  are 
shown  graphically  in  iigure  7.  It  is  clear  from  it  that  Ilooke's 
law  is  apj)ro^huately  true ;  but  the  results  obtained  are  too 
irregular  to  furnish  ground  for  any  delinite  statement  as  to 
deviations  from  Hookers  law. 

Sewickley,  Penn. 


892    Flora — Estimation  of  Cadmium  taTcen  as  the  Chloride. 


Art.  XL. —  The  Use  of  the  Rotating  Cathode  for  the  Esti- 
mation of  Cadmium  taken  as  the  Chloride  ;  by  Charles  P. 
Flora. 

[Contribntions  from   the  Kent  Chemical  Laboratory  of    Yale  Univ.— cxl.J 

In  a  previous  paper*  tlie  author  has  described  the  use  of  tlie 
rotating  cathode  lor  the  estimation  of  cadmium  taken  as  the 
sulphate.  In  the  present  paper  a  simular  study  has  been  made 
of  the  behavior  of  cadmium  when  taken  in  the  form  of  the 
chloride.  Some  differences  are  to  be  expected,  since  it  has 
been  established  with  some  certainty  that  cadmium  chloride, 
when  subjected  to  electrolysis,  forms  not  only  positive  cadmium 
ions  and  negative  chlorine  ions,  but  also  complex  cadmium- 
chlorine  negative  ions;  and,  in  addition,  the  chlorine,  when  set 
free,  does  not  recombine  with  the  water,  to  set  free  oxygen, 
but  exists  in  the  solution  in  its  free  state.  That  there  are  some 
very  importxint  differences  a  few  qualitative  experiments 
showed,  so  that  the  study  of  the  estimation  of  cadmium  when 
taken  in  the  form  of  this  salt  was  now  undertaken. 

A  solution  was  made  up  to  a  convenient  strength,  and  the 
standard  determined  by  the  mean  of  several  closely  agreeing 
determinations  by  the  carbonate  method,  which  the  author 
had  carefully  tested  and  found  to  be  perfectly  reliable.  This 
showed  0-1589  grm.  of  cadmium  in  SO*^""'  of  the  solution,  or 
0*0052966  grm.  per  cubic  centimeter. 

I.  In  Solutions  containing  Sulphuric  Acid. 

Tlie  procedure  with  cadmium  chloride  was  the  same  as  with 
the  cadmium  sulphate,  and  the  results  were  very  satisfactory. 
But  emphasis  is  to  be  laid  upon  the  dilution  in  this  case  espe- 
cially, for  it  was  found  that  from  the  more  dilute  solution  it  is 
almost  impossible  to  drive  the  last  traces  of  cadmium.  A  dilu- 
tion of  45""'  was  found  to  give  the  most  satisfactory  results. 
To  this  solution  ten  drops  of  sulphuric  acid  of  1 : 4  dilution 
were  added  before  electrolysis.  The  following  results  were 
obtained  under  these  conditions : 

Cd.  Cur't  =     N.  D,oo        E.M.F.      Time.      Cd.  fd.         Error. 

No.    grm.  amp.  amp.  vts.  min.         grm.  grm. 

1.     0-1059        ro-lo      30-4'5     6-5-7-8        25        01064     —0-0005 
1.     01059        2-O-3-0     6-0-90  7*8        15        0-1058     — O'OOOl 

II.  Tn  Solutions  containing  Acetates, 

The  acetate  method  has  proved  one  of  the  most  satisfactory 
for  the  estimation  of  cadmium  sulphate,  but  strangely  enough, 

♦  This  Journal,  xx,  268  (1905). 
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it  was  found  to  be  absolutely  unfitted  for  the  estimation  of 
cadmium  when  taken  as  the  chloride.  The  deposited  metal 
was  always  spongy,  often  non-adlierent  and  unfitted  for  quan- 
titative work.  The  sponginess  was  less  marked  when  no  potas- 
sium sulphate  was  present,  but  the  metal  was  still  poorly 
adherent  and  unweighable.  Tlie  modifications  tried  are  given 
for  the  sake  of  comparison  in  the  following  table.  The  cur- 
rent potential  throughout  was  7*8  volts,  while  the  dilution, 
excepting  in  experiment  No.  4,  was  45'^'"*.  In  No.  4  a  dilution 
of  65""'  was  tried,  but  it  offered  no  apparent  advantage. 


Cd. 
No.    grrn. 

NaOCaHsO. 
grm. 

K,S04. 
grm. 

Car't= 
amp. 

N.Dioo 
amp. ' 

Time, 
min. 

Notes. 

1.  0-1324 

2.  01324 

1-5 
1-5 

0-5 
none 

1-5 
1-0 

4-5 
3  0 

13 

8 

very  spongy 
01314  grm.  fd. 

3.   01 059 

1-0 

.  " 

0-75 

2-25 

20 

nou-adlierent. 

4.   0-1059 

1-5 

0-5 

1-5 

4-5 

— 

j  spongy,  non- 
\  adherent 

5.  0-1059 

6.  0-1059 

1-5 
1-5 

none 

1-0 
0-75 

3-0 
2  25 

— 

\   2<=«''  formalin 
\  added,  spongy 
non-adht.,  cr^^st. 

7.   0-1059 

0-5 

0-5 

1-0 

3-0 

— 

u                   "a 

III.  In  Solutions  containing  Cyanides. 

The  use  of  a  cvanide  solution  gave  results  with  the  chloride 
of  cadmium  as  satisfactory  as  were  given  when  the  sulphate  of 
cadmium  was  taken.  As  in  that  case,  care  must  be  taken  to 
avoid  foaming  of  the  solution.  The  best  dilution  seemed  to  be 
65*^"*'.  The  time  required  is  a  trifle  longer  than  in  the  estima- 
tion of  cadmium  sulphate  by  this  method.  The  following 
results  were  obtained : 


No.     Cd. 
grm. 

1.  0-1324 

2.  01324 


KCN.  NaOH.  Curt  = 
grm.      grm.       amp. 

1-5         10  4 

1-5        1-0  4 


N.  D,oo  E.M.F.  Time.  Cd.  fd.     Error, 
amp.       vts.       min.      grm.        grm; 

12  7-8        35      0-1322    —00002 

12  7-8       40     0-1317   —0-0007 


In  experiment  No.  2  there  was  much  foaming,  and  a  trace 
of  cadmiuu)  remained  in  solution,  the  deposition  being  much 
retarded. 


IV.  In  Solutions  containing  Pgrophoiiphates. 

The  different  modifications  of  the  pyrophosphate  method 
gave  results  which  were  quite  satisfactory,  and  in  every 
respect  comparable  with  the  results  obtained  with  this  elec- 
trolyte in  the  estimation  of  cadmium  suli)hate.  As  was  the 
case  with  that  salt,  the  use  of  ammonium  hydroxide  to  dis- 
solve the  precipitate  gave  the  most  satisfactory  results ;  while 
after  that,  sulphuric  acid  seemed    to   be  the"  most   suitable 
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solvent.  The  deposits  obtained  from  solutions  to  which  were 
added  free  phosplioric  acid  showed  a  slight  tendency  toward 
sponginess.  When  hydrochloric  acid  was  added,  the  deposits 
were  good  but  deposition  was  slow.  The  total  volume  in  each 
case  was  45*^'"';  the  amount  of  sodium  pyrophosphate  used  w^as 
9*5  grm.;  while  the  current  potential  was  7*8  volts. 
The  following  results  were  obtained : 

Cd.  Car't  =     N.  D,oo.    Time.  Cd.  fd.       Error. 

No.  grm.  Solvent.  amp.         amp,        min.      grm.  grm. 

1.  0-1324  NFI^OH,  cone,  1^'"'.                      0-5  15  15  01327  +0-000: 

2.  0-1324  H,S0,,(l-4),  12dps.                        0-75  2-25  35  0*1328  4-0-000' 

3.  0-1342  H,PO,  (sp.  gr.  1-7),  lodps.     0-75-1-0  2-25-3-0  30  0-1331  +0*000' 

4.  0-1324  HCl,  1:4,  15  dps.                   0-7-0-5  2-1-1-5  45  0-1319  — O'OOOi 

V.  In  Solutions  containing  Pjiosphates, 

With  cadmium  chloride,  hydrogen  disodic  phosphate  must 
be  used  with  even  more  care  than  with  cadmium  sulphate,  if 
deposits  which  are  even  slightly  satisfactory  are  to  bs  obtained  ; 
and  even  when  used  with  caution,  the  tendency  to  form  spongy 
deposits  is  so  persistent  that  this  method  is  not  to  be  recom- 
mended where  other  methods  are  available.  The  following  are 
the  solutions  tried,  the  concentration  being  45""'  throughout : 


Cd. 

HNa,P04. 

H,P04.        Car't  = 

N.  D.oo. 

E.M.F. 

Time. 

Cd.  fd. 

Ehror 

No.    grm. 

grm. 

(ap.  gr.-l-7)     amp. 

amp. 

vts. 

min. 

grm. 

grm. 

1.   0-1059 

0-25 

5cni»          2-0-3  0 

6-0-9-0 

7-8 

15 

0-1082 

+  0-002: 

2.  0-1324 

0-25 

2.5cm«      2-0-3-0 

6-0-9-0 

7-8 

13 

0-1344 

+  0-002( 

3.  0-1324 

0-20 

10  dps    1-0 

3-0 

7-8 

15 

01330 

+  0-000( 

4.   0-1324 

0-20 

6  dps      0-25 

0-75 

7-8 

35 

013 10 

— 0-001^ 

Numbers  1  and  2  gave  spongy  deposits ;  number  4  showed  no 
color  upon  testing  the  solution  at  the  end  of  the  operation 
with  hydrogen  sulphide,  but  this  test  does  not  seem  to  be  very 
sensitive  in  tliis  solution.  Number  3  seems  to  represent  the 
beet  conditions. 

VI.  In  Solutions  containing  Oxalates. 

Several  qualitative  tests,  using  conditions  identical  with 
those  giving  the  least  unsatisfactory  deposits  with  cadmium 
sulphate,  were  tried  upon  the  cadmium  chloride,  with  like 
unsatisfactory  results,  so  that  the  work  upon  the  oxalate  method 
was  not  pursued  further. 

VII.  In  Solutions  containing  UretTy  etc, 

A  few  qualitative  tests  seemed  to  indicate  that  solutions  con- 
taining urea,  formaldehyde  or  acetaldehyde  would  furnish  very 
satisfactory  media  for  the  estimation  of  cadmium,  taken  in 
the  form  of  the  chloride,  but  further  experimentation  proved 
these  appearances  to  be  deceptive.      Under  these  conaitions, 
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the  cadmium  is  deposited  much  more  quickly  from  a  solution 
of  its  chloride  tlian  of  the  sulphate,  and  the  deposit  in  the 
earlier  part  of  the  precipitation  appears  to  be  very  satisfactory. 
But  the  chlorine  set  free  apparently  has  some  action  upon  the 
organic  compound  present  to  produce  substances  detrimental  to 
the  process.     With  care,  however,  satisfactory  results  may  be 


: 

ouu 

Cd. 
>.    grm. 

Urea, 
grm. 

Cnr^t  = 
amp. 

L>e  been  iruiii  » 
Series  A. 

N.D.oo.   E.M.F. 
amp.        vt8. 

SLUUy   OL 

— Urea. 

Tot. 
Time.    vol. 
mill,      cm^. 

tiie  loiK 

Cd.  fd. 
gnn. 

Error, 
grm. 

neb; 
Notes. 

1. 

0-1324 

3 

1-0 

3-0 

12 

20 

60 

0-1312 

-0-0012 

(  spongy, 
I    not  all 
(    out 

(  spongy, 
<    not  all 
(    out 

(    very 
\  spongy, 
(  all  out 

►     2. 

1 

\ 

3. 

0-1324 
0-1324 

2 
3 

1-0 
1-0 

3-0 
30 

12 

7-8 

30 
15 

60 
65 

0-1336 
0-1342 

+  00012 
+  0-0018 

4. 

0-1324 

2 

0-25 

0-75 

7-8 

25 

60 

0-1324 

±0-0000 

all  out 

5. 

0-1324 

2 

0-5 

1-5 

12 

20 

CO 

0-1333 

+  0-0009 

}  sit.  spy. 
(    all  out 

"    6. 

0-1324 

1 

1-0 

3-0 

12 

20 

60 

0-1370 

+  0-0046 

j    very 
(  spongy 

good 

7. 

0-1324 

1-5 

0-2O-0-5 

0-75-1-5 

7-8 

30 

60 

01328 

+  00004 

8. 

0-1324 

1-5 

0-25-0-5 

0-75-1 -5 

7-8 

30 

60 

0-1329 

+  00005 

fair 

The  amount  of  urea  present,  therefore,  should  be  between 
1*5  grm.  and  2  grms.,  and  the  current  potential  should  not 
exceed  8  volts,  instead  of  the  12  volts  permissible  when  e^d- 
mium  sulphate  was  used.  The  test  with  hydrogen  sulphide 
does  not  seem  to  be  very  delicate  in  this  solution,'  so  that  at 
least  30  minutes  should  be  allowed  for  each  determination. 
Some  writers  recommend  the  testing  of  the  end-point  in  simi- 
lar cases  by  raising  the  level  of  the  liquid  upon  the  cathode, 
but  this  was  not  proved  of  much  value  in  this  work,  as  the 
amount  of  metal  deposited  upon  the  fresh  cathode  surface  from 
the  solutions  near  the  end  oi  the  process  is  imperceptible. 

A  solution  to  which  formaldehyde  was  added  gave  the  fol- 
lowing results : 

Series  B.— Formaldehyde  (forhaun). 

Tol. 
Cur't  =     N.D.oo.    E.M.F.  Time.  vol.     Cd.  fd.       Error. 
amp.  amp.         vts.       min.   cm^.      grm.  grm.  Notes. 

0-25-1-5  0-75-4-5      7*8  20  45  0-1333   +0*0009    fair 

0-50-20  r50-6-0   11-8  15  45  0-1330+0-0006   sit.  spgy 

0-75  2-25         7-8  30  60  01324  ±0-0000  compact 

1-0  3-0            7-8  36  60  0-13-26  +0*0001         ^ 


Cd. 

Form. 

No. 

grm. 

cm*. 

1. 

01324 

3  0 

2. 

0-1324 

2-0 

3. 

0-1324 

1-5 

4. 

0-1324 

1-6 
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It  will  he  seen  from  these  results  that  it  is  better  to  use  a 
somewhat  smaller  quantity  of  formaldehyde  than   was   used 
with  the  cadmium  sulphate ;  the  current  ]>otential  should  not     ' 
exceed  8  volts;   while  the  solution   should  he  rather  dilute 
(60*^""). 

These  cautions  are  of  even  greater  importance  when  acet- 
aldehyde  is  used,  if  satisfactory  results  are  to  be  obtained,  as 
the  following  results  show  : 

Series  C. — Acetaldehyde  {^^). 

Aldehd.  Tot. 

Cd.      (95jf)     Car't  =     N.D.oo.    E.M.F.  Time.  vol.    Cd.  fd.       Enor. 
No.     grm.       cm^.       amp.  amp.         vts.       min.    cm^.     grm.  grm.  Notes. 

r  not  all 
1.0-1324     2-0    0'2-0-7      0-6-2-1       7*8        30      GO     0-131 1  — 0-0013  ^  out 

(  sit.  spg 
2.  0-1324      1-5     0-2-0-75    0-6-2-25    7-S        30      60    0*1346  +0*0022     spongv 

(  spong\ 
3.0-1324     0-5     0-2-1-0      0-6-3-0      7-8        65      60    0-1307  —0-0017  ^  not  all 

(  out 
4.  0-1324      1-0    0-1-0-75    0*3-2-25    8*0        35      60    01328  —0*0001      fair 

VIII.    In  Solutions  coiitaming  Formates  and  Tartrates, 

Like  cadmium  sulphate,  so  also  cadmium  chloride  gave  nega- 
tive results  when  solutions  containing  in  addition  potassium 
formate  in  the  presence  of  formic  acid  were  subjected  to 
electrolysis.  Moreover,  when  no  formate  was  added,  hut 
formic  acid  alone,  the  results  were  still  unsatisfactory.  To 
solutions  containing  0-1324  grm.  of  cadmium  in  the  form  of 
the  chloride  was  added  1*5""'  of  formic  acid,  the  whole  diluted 
to  50"^*,  and  electrolysis  conducted  under  potentials  of  7*5  and 
11-8  volts.  In  each  case  the  precipitate  was  spongy  and  non- 
adherent, while  the  solution  persistently  held  traces  of  cadmium, 
even  after  subjecting  to  the  current  nearly  two  hours. 

Solutions  containing  tartaric  ac*id  behaved  in  a  similar  man- 
ner. In  the  presence  of  3  grm.  of  tartaric  acid,  under  current 
tensions  of  8  and  12  volts,  the  precipitated  metal  peeled  from 
the  cathode  during  revolution,  the  de]>osit  was  spongy,  and 
deposition  seemed  to  be  com])lete  at  no  point  of  the  operation. 
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I.    Chemistry  and  Physics. 

1.  The  Formation  of  Ozone  by  Ultra-violet  Light. — Fischer 
and  Braemkr,  by  employing  a  mercury-vapor  lamp  with  quartz 
walls,  have  studied  the  eflPect  of  ultra-violet  light  upon  oxygen. 
They  have  found  that  ozonization  takes  place  if  the  temperature 
is  not  too  high,  for  above  270°  ozone  is  decomposed  more  rapidly 
than  it  is  formed.  Thorough  cooling  of  the  oxygen  by  means  of 
a  water-jacket  increased  the  yield  of  ozone,  while  a  greater 
intensity  of  the  light  of  the  lamp  also  increased  the  yield  to  a 
certain  limit  and  then  decreased  it,  probably  on  account  of  the 
effect  of  greater  heating.  Upon  doubling  the  speed  of  the  oxy- 
gen through  the  apparatus  the  total  amount  of  ozone  formed  was 
nearly  doubled,  but  the  percentage  of  ozone  formed  was  some- 
what diminished.  The  authors  believe  that  their  experiments 
show  the  correctness  of  Warburg's  view,  that  the  formation  of 
ozone  by  the  silent  electric  discharge  is  due  to  the  ultra-violet 
light  thus  formed.  A  short  time  ago  one  of  the  authors  found 
that  their  lamp  could  produce  in  a  few  hours  the  violet  coloration 
of  glass  containing  manganese,  which  is  effected  by  sunlight  in 
high  mountainous  regions  in  months  or  years,  and  in  our  low 
regions  only  after  longer  periods,  because  the  ultra-violet  part  of 
its  spectrum  is  strongly  absorbed  by  the  earth's  atmosphere.  By 
this  absorption  of  ultra-violet  sunlight  by  our  atmosphere  ozone 
results  in  the  upper  layers  of  air,  and  when  it  sinks  to  lower 
regions  it  is  decomposed  by  oxidizablc  substances. — Berichte^ 
xxxviii,  2633.  H.  L.  w. 

2.  A  Kew  Reagent  for  Nickel. — Heretofore  there  has  been  no 
characteristic  and  delicate  reaction  for  nickel,  particularly  in  the 
presence  of  considerable  amounts  of  cobalt.  The  most  delicate 
of  the  known  tests  is  probably  the  brown  color  produced  by 
alkali  thiocarbonates,  but  this  is  interfered  with  by  the  presence 
of  cobalt.  TscHUGAEFF  has  recently  found  that  a-dimethyl- 
glyoxime, 

CII, .  C(  :  N  .  OH) .  C( :  N  .  OH) .  CH„ 

is  an  extraordinarily  delicate  and  characleristic  reagent  for  the 
metal  under  consideration.  To  make  the  test,  the  solution  is  tirst 
freed  from  any  excess  of  acid  by  the  addition  of  alkali  (prefera- 
bly an  excess  of  ammonia  or  sodium  acetate  solution),  then  some 
powdered  dioxime  is  added  and  the  solution  is  heated  to  boiling 
for  a  short  time.  If  the  solution  is  not  exceedingly  dilute,  a 
scarlet  precipitate  is  produced  at  once  having  the  composition 
NiD.DH,,  where  DH^  represents  dioxime.  When  very  small 
amounts  of  nickel  are  present  a  yellowish  liquid  is  obtained, 
from  which,  after  cooling,  the  red  precipitate  is  deposited  after  a 
few  minutes,  whereby  the  excess  of  dioxime  which  separates  at 
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the  same  time  is  colored  distinctly  pink.  The  delicacy  of  this 
reaction  is  so  great  that  it  is  very  distinct  in  solutions  containing 
only  one  part  of  nickel  to  400,000  parts  of  water.  The  reaction 
is  not  at  all  masked  by  ihe  presence  of  ten  times  as  much  cobalt 
as  nickel,  but  since  cobalt  salts  also  react  with  the  dimethyl- 
glyoxime  with  the  formation  of  a  brown  compound,  it  is  expedi- 
ent to  modify  the  process  when  much  cobalt  is  present  by  adding 
a  very  large  excess  of  ammonia  to  the  liquid,  then  shaking 
repeatedly  in  order  to  oxidize  the  cobalt  to  complex  cobaltic- 
ammonia  compounds,  and  then  proceeding  as  before.  In  this 
case,  with  not  too  minute  amounts  of  nickel,  the  reaction  appears 
at  once,  when  the  liquid  is  boiled,  by  the  formation  of  a  scarlet 
froth  which  rises  upon  the  walls  of  the  test-tube,  but  generally 
it  is  necessary  to  filter  the  cooled  liquid  and  to  wash  the  residue 
with  water  in  order  to  detect  its  pink  color.  The  author  gives  a 
method  for  preparing  the  new  reagent,  and  states  that  it  may  be 
obtained  commercially  from  Kahlbaum. — Berichtey  xxxviii,  2520. 

H.  L.  w. 

3.  The  Electrolytic  Dissociation  Theory  with  some  of  its 
Applications;  by  Henry  P.  Talbot  and  Arthur  A.  Blanch- 
ARD,  8vo,  pp.  84.  New  York,  1905  (The  Macmillan  Co.). — This 
is  an  elementary  treatise  for  the  use  of  students  of  chemistry. 
It  deals  with  the  fundamental  topics  of  physical  chemistry  in  a 
very  clear  and  simple  manner,  and  it  is  undoubtedly  a  valuable 
text-book  for  students  who  are  not  far  enough  advanced  to  take 
up  the  subject  more  elaborately.  The  six  chapters  of  the  book 
have  the  following  titles :  "  Evidences  of  Electrolytic  Dissocia- 
tion afforded  by  a  Study  of  the  Properties  of  Solutions,"  "  The 
Law  of  Mass  Action  and  the  Chemical  Behavior  of  Electrolytes," 
"Electrolytic  Solution  Pressure,"  "Oxidation  and  Reduction," 
"The  More  Common  Ions  and  their  Characteristics,"  "Experi- 
ments." H.  L.  w. 

4.  Soils  and  Fertilizers;  by  Harry  ScnyiciDER,  8vo,  pp. 
294.  Easton,  Pa.,  1905  (The  Chemical  Publishing  Co.). — This 
book  gives  in  condensed  form  the  principles  of  chemistry  which 
have  a  bearing  upon  the  conservation  of  soil  fertility  and  the 
economic  use  of  fertilizers.  While  it  is  intended  particularly  as 
a  text-book  for  students  in  agricultural  colleges,  and  includes  a 
course  of  laboratory  experiments  for  such  students,  it  presents 
the  subject  in  such  a  practical  manner  that  it  should  find  exten- 
sive use  among  farmers.  The  present  second  edition  has  been 
entirely  rewritten,  and  has  received  the  addition  of  new  material. 

H.  L.  W. 

5.  Engineering  Chemistry ;  by  TuoMyvs  B.  Stillman,  Third 
Edition,' 8vo,  pp.  597.  Easton,  "Pa.,  1905  (The  Chemical  Pub- 
lishing Co.). — The  third  edition  of  this  well-known  work  on 
technical  analysis  contains  much  new  matter,  especially  in  regard 
to  asphalts,  lubricating-oils,  Portland  cement,  and  the  technology 
of  the  products  of  the  blast-furnace.  In  its  present  form  the 
book  will  be  more  useful  than  ever  to  thoi^e  who  are  interested 
in  commercial  chemistry.  h.  l.  w. 
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6.  A  Text-Book  of  GhemiccU  Arithmetic  ;  by  H.  L.  Wblls, 
l2rao,  pp.  169,  1905.  New  York  (John  Wiley  &  Sons). — Every 
instructor  in  chemistry  knows  how  difficult  it  is  to  induce  students 
to  use  their  reasoning  powers  in  solving  simple  problems.  The 
tendency  is  always  to  use  a  formula  or  a  factor  without  knowing 
or  caring  what  these  may  mean.  This  text-book  is  designed  to 
teach  chemical  arithmetic,  but  on  a  basis  of  reason  rather  than 
rules.  Part  I  on  approximate  numbers  deals  with  calculations 
from  measurements  involving  errors  of  observation.  The  abbre- 
viated methods  of  multiplication  and  division  are  also  given. 
The  rest  of  the  book  deals  with  chemical  calculations  relating  to 
weights,  to  gases,  and  to  volumetric  analysis.  Throughout  the 
book,  a  large  number  of  very  practical  problems  is  given.  A 
student  who  has  once  solved  these  problems  intelligently  should 
certainly  have  no  further  trouble  with  chemical  calculations.  In 
an  appendix,  several  convenient  tables  are  given,  including  a  table 
of  logarithms.  h.  w.  f. 

T.  A  Text  Booh  of  Physiological  Chemistry  for  Students  of 
Medicine ;  by  John  H.  Long,  Professor  of  Chemistry  in  North- 
western University  Medical  School,  Chicago.  Pp.  viii+424. 
Illustrated.  Philadelphia,  1905  (P.  Blakiston's  Son).— -In  this 
volume  are  presented  in  a  clear  and  simple  form  the  necessary 
facts  and  principles  underlying  the  science  of  physiological  chem- 
istry, written  for  use  by  students  in  medical  schools,  but  few 
references  are  made  to  the  literature.  Besides  the  general  topics 
usually  treated  of  in  a  book  of  this  character  there  is  given  an 
outline  of  the  chemical  phases  of  recent  theories  of  immunity 
together  with  explanations  of  the  application  of  the  methods  of 
cryoscopy  and  electrical  conductivity  and  other  physical  processes 
in  the  field  of  chemistrv  related  to  medicine.  The  book  is  well 
adapted  to  the  purpose  for  which  it  was  written  and  should  be 
well  received.  p.  p.  underhilu 

8.  I'hrmation  of  Helium  from  the  JRadiutn  JEmauation, — In 
answer  to  many  inquiries  called  forth  by  an  article  on  this  sub- 
ject, published  in  the  Berichte  d.  naturf.  Ges.  Freiburg  i  Br. 
xvi,  p.  222,  1904,  F.  Himstedt  and  G.  Meykr  relate  further 
experiments  upon  this  subject.  They  have  repeated  their  work 
with  RaBr,  and  also  with  BaBr^  by  the  same  method.  Using  a 
much  greater  amount  of  material,  ihey  never  found  a  trace  of  a 
helium  line.  They  still  possess,  however,  three  tubes  which  show 
with  the  greatest  ease  the  helium  spectrum,  which  could  not 
have  come  from  the  air  of  the  room  or  from  any  source  but  the 
emanation. 

In  order  to  determine  whether  any  occlusion  phenomenon  sim- 
ilar to  the  occlusion  of  h3'drogen  by  palladium  was  concerned  in 
the  appearance  of  helium,  they  made  the  following  experiments  : 

Palladium  foil  filled  with  hydrogen  was  placed  in  a  quartz 
tube  connected  to  a  vacuum  pump,  and  in  the  process  of  exhaus- 
tion was  heated  to  a  red  heat  and  was  flushed  out  with  CO,  until 
every  trace  of  the  hydrogen  spectrum  disappeared.     After  three 
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days,  on  heating,  the  hydrogen  spectrum  reappeared.  After 
eight  days,  on  repetition  of  the  heating,  the  hydrogen  lines  again 
appeared.  Further  examination  was  prevented  by  the  breaking 
of  the  tube. 

The  folio  wing  experiment  with  cleveite  led  to  a  totally  different 
result.  In  a  combustion  tube  0*3  g.  of  cleveite  with  SO^KH  was 
strongly  heated  and  the  tube  flushed  with  hydrogen  until  no 
helium  lines  could  be  seen.  The  tube  was  then  exhausted  as  far 
as  possible.  After  three  days,  perhaps,  there  was  a  trace  of  the 
helium  spectrum  ;  but  repeated  heating  and  pumping  disclosed 
in  fourteen  days  no  trace  of  helium.  This  experiment  was 
repeated  without  SO^KH  with  the  same  result. 

In  marked  contrast  to  this  experiment  was  the  following  : 
About  40  mg.  RaBr,  were  so  strongly  heated  in  a  highly  exhausted 
quartz  tube  that  the  substance  resublimed  in  a  cooled  end  of  the 
tube.  The  tube  was  flushed  with  hydrogen  and  exhausted,  and 
on  the  following  day  the  substance  was  again  resublimed ;  no 
trace  of  the  helium  spectrum  was  seen.  In  six  weeks,  however,  the 
helium  spectrum  could  be  readily  produced  in  the  lube.  These 
experiments  appear  to  the  author  to  dispose  of  the  theory  of 
occlusion. 

They  point  out  that  there  may  be  a  possibility  of  the  forma- 
tion of  a  helid.  Instead  of  pure  RaBr,  we  may  be  dealing  with 
a  mixture  of  this  substance  with  a  small  quantity  of  a  hypothet- 
ical helid.  However  this  may  be,  they  conclude  that  there  is  no 
doubt  of  a  connection  between  the  radium  emanation  and  helium. 
— Ann,  der  Physik^  No.  10,  1905,  pp.  905-1008.  J.  t. 

9.  Blondot^s  '^Emission  pesante,^^ — M.  R.  Blondot  published  in 
the  Comptes  Rendus  issues  of  1904  two  papers  on  a  phenomenon 
analogous  to  the  so-called  N-rays,  to  which  he  gave  the  name 
"emission  pesante."  A  preparation  of  calcium  sulphide  becomes 
more  luminescent  under  the  influence  of  this  emission.  Blondlot 
states  that  he  has  not  only  observed  this  increase  in  luminescence, 
but  also  an  effect  of  the  magnetic  field  on  the  emission.  Rudolf 
F.  Pozdena  has  made  an  exhaustive  examination  of  the  effects 
claimed  by  Blondlot  and  cannot  find  any  evidence  of  the  new 
emission  if  the  observer  does  not  conduct  the  experiments  him- 
self. The  phenomenon  is  a  subjective  one  and  may  arise  in  the 
anatomy  of  the  retina  of  the  eye  by  a  species  of  autosuggestion 
leading  to  a  *'Will  to  believe." — Atin.  der  Physik%  No.  6,  1905, 
pp.  104-131.  J.  T. 

10.  Difftision  of  Nascent  Hydrogen  throxigh  Iron.  —  A. 
WiNKLEMAX  has  couductod  a  long  series  of  experiments  upon 
this  subject  with  the  following  conclusions : 

The  nascent  h3^drogen  being  formed  on  the  outside  of  a  hollow 
iron  cylinder  which  was  closed  at  the  bottom  and  connected  at 
the  other  end  with  an  air  pump,  the  iron  cylinder  serving  as  a 
cathode  in  a  suitable  electrolytic  cell,  it  was  found  : 

(1)  The  quantity  of  gas  diffusing  from  the  outside  to  the  inside 
of  the  cylinder  was  independent  of  the  pressure  inside  the  cylin- 
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der  over  a  range  of  0  to  89*="  of  mercury.  The  quantity,  moreover, 
was  not  altered  if  the  exterior  pressure  on  the  iron  cylinder  was 
varied  from  one  to  a  half  atmosphere.  The  pressure,  therefore, 
under  which  the  gas  is  driven  through  the  iron  is  of  a  diflPerent 
nature  from  that  which  one  might  suppose  and  has  an  under 
limit  of  58  atmospheres. 

(2)  The  diffusion  with  constant  current  strength  increases  nota- 
bly with  the  temperature;  and  if  one  puts  the  diffusion  propor- 
tional to  a  power  of  the  absolute  temperature,  this  power  is  at 
least  equal  to  5. 

(3)  The  diffusion  increases  at  constant  temperature  with  increas- 
ing current  strength  but  not  in  a  proportionate  manner. 

(4)  From  1  and  3  one  can  understand  the  observations  of  Nernst 
which  show  that  the  pressure  of  the  ions  formed  electrolytically 
can  be  very  great  and  that  this  pressure  depends  upon  the  poten- 
tial difference  under  which  the  electrolysis  occurs.  In  view  of 
this  great  pressure  which  drives  the  ions  through  the  metal,  one 
can  understand  the  no  effect  on  one  to  a  half  atmosphere  mentioned 
in  1  ;  also  one  does  not  wonder  at  the  results  of  Bellanti  and 
Lussana,  who  found  that  diffusion  occurred  even  against  a  pres- 
sure of  20  atmospheres. 

(5)  At  constant  temperature  and  similar  conditions  of  solutions 
and  electrodes  the  quantity  of  diffusion  was  nearly  proportional 
to  the  potential  difference. — Ann.  der  Physik^  No.  9,  1905,  pp. 
589-626.  J.  T. 

11.  Landolt-Bomstein  Physikalisch'Chemische  TaheUen,  Dritte 
umgearbeilete  und  vermehrte  Auflage,  herausgegeben  von  Dr. 
Richard  Bornstein  und  Dr.  Wilhelm  Meyerboffkr.  861  pp. 
Berlin,  1905  (Julius  Springer). — The  first  edition  of  this  very 
important  work  was  published  in  1883  and  the  second  in  1894. 
The  decade  that  has  passed  since  the  latter  date  has  seen  a  very 
high  degree  of  activity  in  physical  research  and  a  corresponding 
increase  in  the  amount  of  physical  data.  In  the  working  over 
and  arrangement  of  this  large  amount  of  material,  the  editors 
have  had  the  support  of  upwards  of  forty  associates,  chiefly  in 
Germany  ;  the  work  has  been  carried  through  with  the  support 
of  the  Prussian  Academy  of  Sciences.  The  volume  opens  with 
the  international  atomic  weights  of  1903  calculated  with  oxygen 
=  16.  Then  follow  tables  of  latitude  and  longitude  of  important 
places  and  then  the  tables  of  physical  data  relating  to  volume, 
density,  elasticity,  tension,  etc.  ;  then  those  pertaining  to  heat, 
light,  elasticity,  magnetism  and  sound.  The  name  oif  the  worker 
who  has  elaborated  each  series  of  tables  is  given  at  the  bottom 
of  each. page  and  following  each  subject  are  the  references  to  the 
literature  giving  fully  the  authorities  quoted.  The  comprehen- 
sive scope,  thoroughness  and  accuracy  of  this  great  work  give  it 
a  unique  place  in  physical  literature  and  make  it  essential  to 
every  laboratory. 
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II.     Geology  and  Mineralogy. 

1.  United  States  Geological  Surveg :  Charles  D.  Walcott, 
Director. — Recent  publications  of  the  U.  S.  Geological  Survey 
are  included  in  the  following  list.  Notices  are  for  the  most  part 
deferred  till  a  later  number. 

Folios:  No.  122. — Tahlequah  Quadrangle,  Indian  Territory- 
Arkansas  ;  by  Joseph  A.  Taff. 

No.  123. — Elders  Ridge  Quadrangle,  Pennsylvania  ;  by  Ralph 
W.  Stone. 

No.  124. —Mount  Mitchell  Quadrangle,  North  Carolina-Ten- 
nessee ;  by  Arthur  Keith. 

No.  125.— Rural  Valley  Quadrangle,  Pennsylvania;  by  Charles 
Butts. 

Monograph,  No.  XLVIII.— Status  of  the  Mesozoic  Floras  of 
the  United  States.  Second  Paper  ;  by  Lester  F.  Ward,  with 
the  collaboration  of  William  M.  Fontaine,  Arthur  Bibbins  and 
G.  R.  Wieland.     Part  I,  Text,  pp.  616.     Part  II,  plates  i-cxix. 

Professional  Papers  :  No.  34. — The  Delavan  Lobe  of  the 
Lake  Michigan  Glacier  of  the  Wisconsin  Stage  of  Glaciation 
and  Associated  Phenomena  ;  by  William  C.  Alden.  Pp.  106, 
with  15  plates.     See  p.  409. 

No.  36.— The  Lead,  Zinc  and  Fluorspar  Deposits  of  Western 
Kentucky;  by  E.  O.  Ulricii  and  W.  S.  Tangier-Smith.  Part  I, 
Geology  and  General  Relations  by  E.  O.  Ulrich.  Pp.  1-105, 
plates  i-vii.  Part  II,  Ore  Deposits  and  Mines  by  W.  S.  Tangier- 
Smith.     Pp.  107-218,  plates  viii-xv,  31  text-figuVes. 

No.  38. — Economic  Geology  of  the  Brigham  Mining  District, 
Utah  ;  by  John  Mason"  Boutwell.  W^ith  a  Section  on  Areal 
Geology  by  Arthur  Keith  and  an  Introduction  on  General 
Geology  by  Samuel  Franklin  Emmons.  Pp.  413,  49  plates,  lu 
figures. 

Bulletins — No.  208. — Descriptive  Geology  of  Nevada  south 
of  the  Fortieth  Parallel  and  Adjacent  Portions  of  California  ; 
by  JosiAH  Edward  Spuur.  Second  edition.  Pp.  229,  8  plates. 
Map  in  pocket. 

No.  235. — A  Geological  Reconnaissance  across  the  Cascade 
Range  near  the  Forty-ninth  parallel  ;  by  George  Otis  Smith 
and  Frank  C.  Calkins.  Pp.  103,  4  jjlates.  It  is  found  that 
**  the  Cascade  Mountains  near  the  forty-ninth  parallel  are  com- 
posed in  greater  part  of  igneous  rocks  that  belong  mainly  to 
great  batholithic  masses  of  rather  acidic  composition  quite  com- 
parable (in  volume)  with  the  immense  intrusions  of  the  Sierra 
Nevada." 

No.  237. — Petrography  and  Geology  of  the  Igneous  Rocks  of 
Highwood  Mountains,  Montana;  by  Louis  Valentine  Pirsson. 
Pp.  208,  7  plates,  8  figures. 

No.  245. — Results  of  Primary  Triangulation  and  Primary 
Traverse,  fiscal  year  1903-04  ;  by  Samuel  S.  Gannett.  Pp. 
328  with  map. 
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No.  247. — The  Fairhaven  Gold  Placers,  Seward  Peninsula, 
Alaska  ;  by  Fred  H.  Moffit.     Pp.  85,  14  plates,  2  figures. 

No.  248. — A  Gazetteer  of  Indian  Territory  ;  by  Henry  Gan- 
nett.    Pp.  70. 

No.  251. — The  Gold  Placers  of  the  Forty  mile,  Birch  creek  and 
Fairbanks  Region,  Alaska  ;  by  Louis  M.  Prindle.  Pp.  89,  16 
plates. 

No.  253. — Comparison  of  a  Wet  and  Crucible-lire  methods  for 
the  Assay  of  Gold  Telluride  Ores,  with  notes  on  the  errors 
occurring  in  the  operations  of  fire  assay  and  parting  ;  by  W.  F. 
HiLLEBRAND  and  E.  T.  Allen.     Pp.  30. 

No.  254. — Report  of  Progress  in  the  Geological  Resurvey  of 
the  Cripple  Creek  District,  Colorado;  by  Waldemar  Lindgren 
and  Frederick  Leslie  Ransome.  Pp.  34. — Besides  the  details 
of  more  purely  economic  importance  it  is  noted  that  in  the  deeper 
workings  much  annoyance  and  even  serious  interference  with 
work  has  been  experienced  from  mine  gases,  often  in  spite  of 
vigorous  measures  for  ventilation.  The  analyses  showed  the  gas 
to  be  a  mixture  of  nitrogen  with  about  20  per  cent  carbon 
dioxide  and  a  small  amount  of  oxygen.  The  authors  believe 
that  it  represents  the  last  exhalations  from  the  throat  of  the 
extinct  Cripple  Creek  volcano. 

No.  256. — Mineral  Resources  of  the  Elders  Ridge  Quadrangle, 
Pennsylvania  ;  by  Ralph  W.  Stonk.     86  pp.,  12  plates,  4  figures. 

No.  257. — Geology  and  Paleontology  of  the  Judith  River  Beds; 
by  T.  W.  Stanton  and  J.  B.  Hatcher  ;  with  a  chapter  on  the 
Fossil  Plants  ;  by  F.  H.  Knowlton.     Pp.  174,  19  plates. 

No.  262. — Contributions  to  Mineralogy  from  the  U.  S.  Geolog- 
ical Survey;  by  F.  VV.  Clarke,  W.  F.  Hillebkand  and  others. 
Pp.  147,  12  text-figures. 

No.  263. — Methods  and  Costs  of  Gravel  and  Placer  Mining  in 
Alaska  ;  by  Chester  Wells  Purington.  Pp.  273,  42  plates, 
49  figures. 

No.  266. — Paleontology  of  the  Malone' Jurassic  Formation  of 
Texas  ;  by  F.  W.  Cragin  ;  with  stratigraphic  notes  on  Malone 
Mountain  and  the  surrounding  region  near  Sierra  Blanca,  Texas  ; 
by  T.  W.  Stanton.     Pp.  172,  29  plates. 

No.  267. — The  Copper  Deposits  of  Missouri  ;  by  II.  F.  Bain 
and  E.  O.  Ulrich.     Pp.  52. 

No.  271. — Bibliography  and  Index  of  North  American  Geol- 
ogy, Paleontology,  Petrology  and  Mineralogy  for  the  year  1904  ; 
by  Fred  Boughton  Weeks"     Pp.  218.  .       * 

Water  Supply  and  Irrigation  Papeus. — Nos.  97,  98,  99,  100, 
103,  106,  107,  108,  109,  110,  111,  112,  113,  114,  115,  116,  117,  118, 
119,  124,  125,  127,  128,  129,  130,  131,  132,  133,  134,  135,  136,  141, 
143,  144,  146,  149. 

2.  Osteology  of  Baptanodon  (Marsh)  ;  by  C.  W.  Gilmore. 
Memoirs  of  the  Carnegie  Museum,  Vol.  II,  No.  2,  August,  1905. 
— Mr.  Gilmore's  excellent  paper  gives  us  for  the  first  time  a  satis- 
factory discussion  of  the  osteological  structure  of  the  Jurassic 
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Icbthyosauria  of  America.  Notes  by  Marsh  and  Knight  have 
acquainted  us  with  the  essential  characters  of  the  paddles,  but 
little  information  concerning  the  remainder  of  the  skeleton  has 
been  published,  and  investigators  working  on  related  groups  have 
had  no  satisfactory  basis  for  comparison  with  these  important 
forms.  The  specimens  studied  by  Mr.  Gil  more  include  practi- 
cally all  of  the  known  Baptafiodon  material.  The  figures  pre- 
sented represent  the  complete  structure  of  the  skull  in  all  its 
aspects,  the  pecloral  girdle,  the  anterior  limb,  and  the  anterior 
portion  of  the  vertebral  column.  The  posterior  limb  is  not  cer- 
tainlv  known. 

The  characters  of  the  dentition  of  Baptanodon,  for  the  origi- 
nal discovery  of  which  we  are  indebted  to  Mr.  Gilmore,  have 
been  summed  up  in  the  statement  that :  ^^  Baptanodoii  was  well 
provided  with  comparatively  small,  somewhat  slender  but  func- 
tional teeth  that  extended  along  the  full  length  of  the  jaw^ ;  the 
most  anterior  ones  being  much  reduced."  In  addition  to  the 
characters  of  the  dentition,  Mr.  Gilmore  notes  specializations  in 
the  reduction  of  the  cervical  intercentra  to  a  simple  free  element 
in  B,  marshi^  the  median  fusion  of  the  clavicles,  and  the  pres- 
ence of  a  sixth  digit  in  the  anterior  limb. 

In  the  comparison  of  Baptanodon  with  the  European  Opthal- 
mosawrus^  the  two  are  shown  to  be  remarkably  similar.  Dis- 
tinguishing characters  are  found  in  the  presence  in  Baptanodon 
of  a  sixth  digit  in  the  anterior  limb,  the  uniform  biconcave  cup- 
ping of  the  anterior  cervical  centra,  and  the  fusion  of  the  clavi- 
cles. The  two  types  are,  however,  very  close  together,  as  simi- 
lar as  one  could  reasonably  expect  to  find  species  so  widely  sepa- 
rated geographically. 

In  the  light  of  what  is  actually  known,  the  relation  of  Bap- 
tanodon  to  the  later  Triassic  forms  of  America  seems  still  far 
from  close.  Shasta saui*u8^  the  youngest  known  Triassic  genus, 
is  at  least  in  limb  structure  highly  specialized  along  a  line  almost 
diametrically  opposite  that  taken  by  Baptanodon.  Unless  a 
closer  connection  with  the  late  Triassic  forms  of  this  continent 
can  be  discovered,  we  must  continue  to  look  upon  Baptanodon 
as  probably  a  Jurassic  immigrant  from  the  old  world.  The  close 
relationship  to  the  European  Opthalniosa\trn%  is  additional  evi- 
dence in  favor  of  the  suggestion  that  Baptanodon  was  a  Jurassic 
importation.  In  this  connection  it  is  interesting  to  note  that 
Frass*  has  recently  described  a  vertebra  which  he  believes  to 
re])resent  the  genus  Opthalmosaunis,  from  the  Jurassic  of  North- 
east Greenland.  johx  c.  mrrriah. 

3.  Cambrian  I^aimas  of  India ;  by  Charles  D.  Walcott. 
Proc.  U.  S.  National  Museum,  xxxix,  1905,  pp.  1-106. — This 
paper  is  the  result  of  a  preliminary  study  of  the  Cambrian  mate- 
rial collected  by  Mr.  Blackwelder,  as  a  member  of  the  Carnegie 
Institution  of  Washington  Expedition  to  China,  under  the  leader- 
ship of  Mr.  Bailey  Willis.     Previous  to  this  expedition,  Kayser, 

*  E.  Frass,  Meddelelser  om  Gr5nlaiid,  xxix,  p.  283. 
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Damep,  and  Bergeron  had  described  21  species,  which  are  now 
increased  by  Walcott  to  172  forms,  of  which  118  are  trilobites. 
**  The  large  fauna  discovered  in  the  reconnaissance  made  by 
Messrs.  Willis  and  Blackwelder  is  an  indication  of  the  richness 
of  the  Cambrian  faunas  of  eastern  Asia,  and  of  the  great  results 
that  may  be  expected  when  systematic,  thorough  exploration  and 
collecting  are  undertaken." 

Almost  the  entire  Cambrian  seems  to  be  represented  here,  and 
rests  on  the  Tai  Shan  complex.  The  Lower  Cambrian  in  the 
Man  To  formation  has  12  species,  and  as  the  trilobite  Redlichia 
is  the  diagnostic  fossil,  seemingly  being  a  direct  descendant  of 
Olenellus^  we  are  led  to  infer  that  the  lower  portion  of  the  Lower 
Cambrian,  as  known  in  America,  may  be  absent  in  China.  The 
Middle  Cambrian  in  the  Chang  Hsia  formation  is  the  richest  in 
fossils.  Another  and  higher  member  of  ihis  division  is  the  Ku 
San  shale,  with  a  small  fauna  ;  followed  by  the  Upper  Cambrian 
in  the  Chao  Mi  Tien  limestone,  having  another  considerable 
faunal  development. 

"  The  fauna  of  the  Ku  San  shale  includes  apecies  of  Damesella^ 
Doryjyyge,  and  genera  that  are  typical  of  the  Middle  Cambrian 
fauna,  while  the  fauna  of  the  Chao  Mi  Tien  limestone  ....  is 
more  nearly  related  to  that  of  the  Upper  Cambrian  of  North 
America  and  northwestern  Europe." 

Walcott's  lists  clearly  indicate  that  the  Middle  Cambrian  of 
China  is  directly  connected  with  that  of  America,  a  fact  long  ago 
noted  by  Dames,  and  recently  more  decidedly  by  Freeh.  The 
Upper  Cambrian  also  has  the  American  impress,  while  the  Lower 
Cambrian  is  Asiatic  in  character. 

The  oldest  known  cephalopod  is  described  here  as  Cyrtoceras 
Cambria.  The  structure,  as  described,  is  that  of  CyrtocenrSy  but 
one  would  rather  have  looked  for  Plloceras  or  J^ndocerasAWnQ 
forms'in  the  Cambrian.  Brachiopods,  gastropods,  and  especially 
trilobites  make  up  the  faunas,  while  not  a  single  bivalve  is  here 
recorded.  Of  new  genera — all  trilobites — there  are  Dorypygtlla^ 
Damesella,  Anomocarella,  Pagodla^  and  Shantungia.  c.  s. 

4.  The  Cambriayi  Fauna  of  India  ;  by  Charles  D.  Walcoit. 
Proc.  Washington  Acad.  Sci.,  vii,  1905,  pp.  251-250.  —  The 
writer  here  reviews  the  small  Cambrian  fauna  of  India  first 
described  by  Waagen  ;  this  has  also  been  referred  to  the  Silurian 
and  Carboniferous.  Walcott  concludes  :  "  In  the  absence  of  any 
fossils  clearly  indicating  the  Olenellus  fauna  I  think  it  unwise  at 
present  to  assume  any  other  age  for  the  fossil iferous  Cambrian 
beds  than  Middle  Cambrian."  c.  s. 

6.  Catalogue  of  the  Type  Specimens  of  Fossil  Invertebrates 
in  the  Department  of  Geology ^  U.  S.  National  Museum;  by 
Charlks  Schuchert,  assisted  by  W.  H.  Dall,  T.  W.  Stanton, 
and  R.  S.  Basslbr.  Bull.  U.  S.  National  Museum,  No.  53,  Part 
I,  1905,  pp.  i-v,  1-704. — This  is  an  alphabetic  catalogue  of  the 
type  and  illustrated  fossil  invertebrates  in  this  museum,  previous 
to  1905.     It  records   1 1,490  specimens  of  6,100  species.     Within 

Am.  Jour.  Soi. — Fourth  Series,  Vol.  XX,  No.  19.— November,  1905. 
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the  [last  few  voiirs!,  three  similar  e.ilaloijufs  lia\ 
The  tir«  oiie.'by  llu-  Aiiierican  Miisciiiii  of  Xat.. 
York  City;  tliir  second,  liy  liic  Xiw  York  State 
Xcw   York,  nii<l   now  tlie  oiii-  oiuJ  aliovt^.     T. 
rcconlK  the  largfst  iiumlier  of  niiwii's,  nnil  is  an  ■ 
gn-at  amoiitit  of  pnlcontologionl  work  done  at  \\ 
fi.    fir-iplulitfi'  i>f  Xn.r    T-jrk:      P./rt    I,    Oi 
Lower  linh ;  bv  M.  Kvkdesiann.     N.  Y.  Sta. 
1904   (dirtribiitfil  Manli    1005).  i.|..    15T-803,    ) 
very  vnhiable  ii!orogrn|ili  luid  its  oiijiin  in  Htrati^ 
till'  author,  in  the  slato  Iwli  of  i-asti'ni  Nfw  Y'oi 
of  the  greatest  im|iortanoe,  not  only  to  |)al(.'ontol< 
{feographers,  but  as  well  to  the  Rlrali^rapher  of 
7J>ic  formations.     In  faet.  the  work  is  so  vabiabh 
ciitild  bring  out  its  many  extiellent  ]>oi»ts,  uiilesB  i 
length,  for  whieh  8|incc  is  not  at  onr  ilisposal.     In  ' 
are  treatcil  the  lalu  Cambrian  am)  early  Oniovici«' 
America,  tlif  sjieoies  aii<l  genera  not  only  bcinf 
illustrated,   but  alxo  their  stnictnre,  morphology 
lie vdopn lent,  iiitKle  of  existvuee,  }>hylugony,  and  s< 
tion,  as  well  as  the  braving  of  thette  organisiUH  on  tl^ 
and  |»aleogeogra|)hy  of  f)rdovioian  lime. 

7.  Stfunozoic  Plfinfn  from  Jt'vici ;  by  H,  Yabe 
k'go  Sei.,  Imperial  Utiivci'Mity,  Tokyo,  Japan,  1905, 
i-iv. — Hen'  an;  described  2]  species,  3  of  which  are 
are  the  most  prevalent,  being  represented  by  1!  iipe< 

"It  is  ([nite  evident  that  the  flora  is  Juraiwic,  fo< 
ically  UJiaetie  or  Crelaceoui*  forms  ai-e  found  in  it." 

"  On  the  whole,  bo  fai-  as  evidence  goes,  the  wri 
hesitation  in  announcing  the  contemporaneity  of  i. 
flora  of  Korea  with  that  of  tlie  Japanese  Tetori 
Malm  and  Dogger],  the  affinity  of  tlie  former  t^*^ 
reaponding  aga  in  Siberia,  China,  India  and^^ 
apparently  more  distant." 

8.  Palaeonlologia    Universalis. — Early  in. 
present  year,  there  appeared  the  first  fasciolo 
of  this  important  publication.     Ninety-four  speoies*' 
scribed  and  refigured  and  hronglit  up  to  datv. 

9.  Ninth  Annual  Iteport  of  (he  Gf<J'<;]i'-nl  < 
DqH.  of  Affrictiltiire,  Cape  of  Good  Jlt^,  /■■'■  '''" 
with  numerous  maps  and  figures.  Cape  i'  ■  , 
report  contains  ths  d«»criptiou  of  the  deinil'  '  ■<  ■ 
diatfiots  in  the  Colony  of  the  Ca(«  of  Uo.j.I  ii  ,.  .  i 
Valuable  .Icf.ill  lu  ilii"  ■■fi.fjiil  worlu  OD  S^' 
which  h;iv..  ■ 

10.  ft'.  .'. 
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13.  Structural  and  Field  Geology ;  by  James  Gsikie.  Pp. 
XX  4-  435,  56  page  plates,  142  text  illustrations.  New  York, 
1905  (D.  Van  Nostrand  Co.). — This  volume  opens  bv  describing 
the  rock-making  minerals,  also  the  rocks  and  fossils  in  so  far  as 
they  are  related  to  structural  geology.  Following  this  are 
several  chapters  on  the  rock  structures,  such  as  stratification, 
faults,  mode  of  occurrence  of  eruptive  rocks  and  of  ore  forma- 
tions. A  third  part  deals  with  the  principles  of  geological  sur- 
veying and  the  economic  aspects  of  geological  structure.  The 
work  is  made  very  attractive  by  clear  typography^,  appropriate 
subdivisions,  and  by  the  number  and  excellence  of  the  illustra- 
tions, taken  almost  entirely  from  the  British  Isles,  the  plates 
being  photographic  reproductions.  In  photographing  the  rock- 
types,  however,  there  is  a  tendency  to  unnaturally  heighten  the 
color  contrasts. 

Within  the  limits  indicated  by  the  title  this  is  an  excellent 
treatise,  the  subject  matter  being  well  arranged  and  classified. 
The  chief  value  is  for  its  outdoor  application,  the  student  finding 
here  a  good  discussion  of  field  methods  and  a  full  description 
of  the  structures  which  he  is  to  look  for  and  identify.  The 
subordination  of  the  dynamical  to  the  structural  side  results 
necessarily  in  the  causal  relations  of  earth  structures  and  their 
interpretation  from  being  made  prominent.  The  ultimate  sig- 
nificances of  the  geological  facts  are  thus  not  well  brought  out, 
and  as  these  are  the  highest  significances  they  should  not  be  lost 
sight  of  in  geological  instruction.  However,  as  the  volume  does 
not  profess  to  cover  this  side  of  the  subject,  it  should  not  be 
urged  as  a  criticism  but  should  merely  be  called  to  the  attention 
of  educators  as  not  supplying  the  whole  of  the  inorganic  side  of 
the  science.  As  a  text-book  presenting  an  excellent  account  of 
the  facts  and  field  methods  upon  which  geological  conclusions 
are  based,  it  is  of  value  to  all  students  of  pure  or  applied 
geology.  J.  B. 

14.  The  Clays  and  Clay  Industries  of  Connecticut;  by  Gerald 
Francis  Loughlin.  Bulletin  No.  4  Connecticut  Geol.  and 
Natural  History  Survey.  Hartford,  Conn.  121  pp.,  13  maps 
and  {)lates.  1905. — This  report  gives  first  the  geographical 
distribution  of  the  Connecticut  clays,  followed  by  a  discussion 
on  the  origin  of  clays  in  general  and  the  geological  history  of 
the  Connecticut  clays  in  particular.  It  is  shown  that  they  were 
laid  down  in  quiet  waters  fronting  the  continental  glacier  toward 
the  close  of  the  glacial  period.  The  gravels,  sands  and  clays 
give  indications  of  water  levels  at  180,  120  and  80  feet  above 
the  ])resent  level  of  the  sea.  The  writer  ascribes  the  highest  of 
these  to  damming  by  fragments  of  ice  still  lingering  to  the 
south,  as  the  highest  indication  of  shore  lines  to  the  south  is  only 
120  feet  above  sea  level.  But  in  view  of  P^iller's  recent  paper 
on  the  Geology  of  Fisher's  Island,*  the  reviewer  suggests  as  not 
improbable  that  these  high-level  gravels  and  clays  may  mark  a 

»  Bull.  Geol.  Soc.  Amer.,  vol.  xvi,  pp.  307-890,  1905. 
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deepest  stage  of  the  Cbamplain  submergence.  If  so  they  are  of 
considerable  scientific  importance  as  serving  to  correlate  the 
stages  of  ice  retreat  with  the  several  stages  of  the  Champlain 
subsidence  within  the  New  England  states.  Having  given  the 
geographical  distribution  and  origin  of  the  Connecticut  clays, 
the  subject  is  taken  up  of  the  chemistry  of  clays,  the  physical 
properties  of  clays  and  their  commercial  classification.  Follow- 
ing this  the  composition,  properties  and  adaptabilities  of  the 
Connecticut  clays  are  given  in  detail.  The  lacustrine  and 
estuarine  clays,  embracing  the  bulk  of  the  clay  deposits,  while 
suited  for  the  best  quality  of  common  red  brick  at  low  expense, 
are  limited  in  their  uses  by  high  percentage  of  iron  and  ex- 
tremely low  fusing  point.  Part  II  treats  of  the  clay  industries 
of  Connecticut. 

The  bulletin  is  well  written  throughout  and  is  adapted  to  the 
comprehension  of  the  intelligent  but  untechnical  reader.  The 
limited  time  and  money  appropriated  for  this  work  prevent  it 
from  being  a  final  study  of  the  subject,  as  noted  in  the  introduc- 
tion. Yet  the  results  are  of  very  considerable  value,  and  by 
calling' attention  to  one  of  the  resources  of  the  state  which  is,  at 
present,  but  poorly  developed,  may  ultimately  yield  a  return  in 
industry  many  times  the  comparatively  small  expenditure  re- 
quired for  this  report.  j.  b. 

15.  Geology  of  Western  Ore  Deposits ;  by  Arthur  Lakes, 
late  Professor  of  Geology  at  the  Colorado  School  of  Mines. 
438  pp.,  300  illustrations.  Denver,  Col.  (The  Kendrick  Book 
and  Stationery  Co.) — This  volume  is  not  written  for  the  specialist 
but  for  the  intelligent  miner  or  other  person  interested  in  the 
subject  of  western  ore  deposits.  Introductory  chapters  review 
the  rock-making  minerals,  the  ore  minerals,  and  the  features  of 
Structural  and  dynamical  geology  connected  with  ore  deposits. 
A  glossary  and  index  serve  a  useful  purpose.  The  principles  of 
ore  deposition  and  various  types  of  ore  deposits  are  treated,  the 
examples  being  chiefly  drawn  from  Colorado,  with  which  state 
the  writer  is  most  familiar,  but  the  mining  districts  of  the  other 
western  states  and  of  Alaska  are  also  briefly  reviewed,  and  the 
distinctive  features  indicated,  j.  b. 

16.  The  Delavan  Lobe  of  the  Lake  Michigan  Glacier  of  the 
Wisconsin  Stage  of  Glaciation  and  Associated  Phenomena ;  by 

William  C.  Alden.  106  pp.,  15  plates.  Washington,  1004. 
Professional  Paper  No.  34,  U.  S.  G.  S. — The  author  presents  in 
this  paper  the  detailed  results  of  several  seasons  field  work  in 
the  southeastern  part  of  Wisconsin  on  a  small  tributary  lobe  of 
the  Lake  Michigan  glacier.  The  points  of  chief  interest  lie  in 
the  proof,  based  on  interlobate  phenomena,  of  the  contempora- 
neity of  the  Lake  Michigan,  Delavan,  and  Green  Bay  ice  lobes 
and  the  simultaneous  withdrawal  of  the  two  latter  from  their 
terminal  moraines  ;  and  in  the  application  to  the  deposits  in  this 
field  of  the  criteria  for  the  determination  of  the  age  relationships 
of  the  Wisconsin  and  pre-Wisconsin  drift. 
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A  large  number  of  analyses  of  the  drift  of  this  region  were 
made  and  its  lithological  character  carefully  determined  there- 
from. The  interesting  result  is  found  that  87  per  cent  of  the 
material  is  of  local  derivation,  thus  indicating  a  subglacial  origin. 
The  surface  bowlders  are  predominantly  foreign  and  therefore 
probably  englacially  transported.  No  essential  lithological  dif- 
lerence  was  noted  between  the  drift  of  terminal  moraines,  out- 
wash,  ground  moraines  and  drumlins.  i.  b. 

17.  Platinum  in  Black  Sands  from  Placer  Mines^  David  T.  Day. 
— A  circular  sent  out  by  U.  S.  Geological  Survey  in  March,  1905, 
to  some  8,000  placer  miners,  chiefly  in  the  United  States,  has  thus 
far  brought  in  some  828  samples  of  black  sands  ;  these  are  largely 
from  the  western  states  and  territories,  but  also  from  British 
Columbia,  Central  America  and  Mexico.  Of  these  samples,  195 
specimens  were  assayed  for  gold  and  platinum  with  the  result  of 
finding  platinum  in  72  of  the  specimens.  Of  these  72,  17  showed 
only  a  trace  and  14  an  amount  equal  to  two  ounces  or  more  per 
ton  of  concentrate.  A  sample  from  Junction  City  mining  district, 
Trinity  Co.,  Cal.,  showed  25*8  oz.  ;  one  from  Oroville,  Butte  Co., 
Cal.,  showed  27'45  ;  and  one  from  Riddle,  Douglas  Co.,  Oregon, 
128*73  oz.  In  addition  to  these  tests,  190  samples  were  examined 
as  to  the  minerals  present  with  interesting  results ;  polycrase  is 
noted  in  sands  from  Idaho  Co.,  Idaho,  and  columbite  and  tantalite 
from  Shoshone  Co.  Field  work  has  also  been  carried  on  in  the 
collection  and  examination  of  sands  of  various  placer  deposits,  as 
also  from  bars  in  the  Columbia  river  ;  important  results  may  be 
anticipated  from  this  thorough  work. 

18.  Cassiterite,  a  netc  cleavage,  or  perhaps  partitig  law;  by 
William  E.  Hidden  (communicated). — Preliminary  announce- 
ment is  hereby  made  of  my  late  observation,  at  the  Ross  Tin 
Mine,  near  Gaffneys,  S.  C,  of  a  new  cleavage  (or  "parting")  in 
cassiterite.  This  new  cleavage  is  very  common,  almost  perfect 
and  is  parallel  to  e  (101,  1-/).  Very  imperfect  cleavages  parallel 
to  «  (111,  1)  and  m  (110,  I)  were  also  noticed,  those  with  s  being 
most  common. 

Measurements  of  e  ^  e  (cleavage  surfaces),  w4th  hand  goni- 
ometer, gave  133^°,  while  the  required  angle  is  133°  32'.  Faces 
of  the  new  cleavage  up  to  four  inches  long  and  over  two  inches 
wide  were  noticed,  remarkably  smooth  atid  flat.  They  are  very 
characteristic  of  tlie  localitv.  Twins  i)arallel  to  the  well-known 
twinning  ])lane  (e,  101)  were  not  uncommon.  Some  of  these 
were  elongated  with  the  s  planes,  making  what  seem  to  be  pris- 
matic planes,  similar  to  spliene,  etc.  This  new  tin  locality  is 
already  credited  with  having  produced  about  forty  Ions  of  cas- 
siterite (yielding  over  70^  metallic  tin)  and  gives  good  promise 
for  the  future.  The  associated  minerals  are  albite,  microcline  (?), 
amphibole,  uuartz,  biotite,  menaccanite,  rutile,  garnet  and  proba- 
bly scapolile,  nionazite  and  eudialyte. 
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III.    Miscellaneous  Scientific  Intelligence. 

1.  Harvard  College  Observatory,  —  Recent  publications  in- 
clude the  following  : 

Annals,  Vol.  LIII,  No.  V,  Phoebe,  the  ninth  Satellite  of 
Saturn  ;  by  William  II.  Pickering. 

No.  VI,  Investigation  of  the  Orbit  of  Phoebe  ;  by  Frank  E. 
Ross. 

No.  VII,  Second  Supplement  to  Catalogue  of  Variable  Stars. 

No.  Vllf,  Martian  Meteorology  ;  by  William  H.  Pickering. 

No.  IX,  The  ninth  and  tenth  Satellites  of  Saturn  ;  by  William 
H.  Pickering. 

Vol.  LVI,  No.  III.     The  Spectrum  of  Nova  Persei,  No.  2. 

Circulars.     No.  93,  The  24-inch  Reflecting  Telescope. 

No.  94,  Variability  of  Eunomia  (15). 

No.  95,  Brightness  of  Jupiter's  Satellites. 

No.  96,  843  new  variable  Stars  in  the  small  Magellanic  Cloud. 

No.  97,  Bruce  Photographs  of  Planets. 

No.  98,  Stars  having  peculiar  Spectra. 

No.  99,  A  probable  new  Star,  RS  Ophiuchi. 

No.  100,  Variable  Stars  in  the  Clusters  Messier  3  and  Messier  5. 

No.  101,  Positions  of  Ocllo  (475)  during  1904. 

No.  102,  Positions  of  Phoebe  in  May,  1904. 

No.  103,  Positions  of  Ocllo  (475)  during  1905. 

No.  104,  H  1174.     A  new  Algol  Variable,  035727. 

2.  Publications  of  the  Cii}cinnati  Observatory.  No.  15,  Cata- 
logue of  4280  Stars  for  the  Epoch  1900  ;  by  Jermain  G.  Porter, 
Director.  100  pp.  Cincinnati,  1905  (University  of  Cincinnati). — 
The  stars  included  in  this  volume  are  all  those  of  Piazzi's  cata- 
logue which  were  north  of  the  equator  in  1800  except  those  con- 
tained in  the  Berlin  Jahrbuch  and  eighteen  of  the  Pleiades 
group  ;  stars  observed  by  Piazzi,  but  not  given  in  his  catalogue, 
are  also  included. 

3.  Report  of  the  Director  of  the  Yerkes  Observatary^  Uni- 
versity of  Chicago  ;  by  Professor  George  E.  Hale.  1,  for  the 
period  July  1,  1899  to' June  3o,  1902,  pp.  32.  2,  for  the  period 
July  1,  1902  to  June  30,  1904,  8  pj). — These  reports,  though 
presented  in  very  concise  form,  give  a  clear  summary  of  the 
various  lines  of  im])orlant  work  carried  on  at  the  Yerkes  Observa- 
tory during  the  five  years  from  1899  to  1904. 

4.  Carnegie  Institution  of  Washington. — Recent  publications 
from  the  Carnegie  Institution  include  the  following  : 

No.  8.  Bibliographical  Index  of  North  American  Fungi  ;  by 
William  G.  Farlow.  Vol.  I,  Part  I,  Abrothallus  toBadbamia, 
Pp.  XXXV,  312,  8vo.     Washington,  Sept.  1,  1905. 

No.  25,  Evolution,  Racial  and  Habitudinal  ;  by  Rev.  John  T. 
GuLicK.     Pp.  xii,  269,  8vo.     Washington,  August,  1905. 

No.  27.  Bacteria  in  Relation  to  Plant  Diseases  ;  by  Erwix  F. 
Smith,  in  charge  of  Laboratory  of  Plant  Pathology,  Bureau  of 
Plant  Industry,   U.  S.   Department  of  Agriculture.     Volume  I, 
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Methods  of  work  and  general  literature  of  Bacteriology  exclusive 
of  Plant  Diseases.  Pp.  xii,  285,  4to,  with  31  plates  and  146 
text-figures.     Washington,  September,  1905. 

5.  Afinnal  Report  of  the  Board  of  Ilegents  of  the  Smith- 
sonian Jnstitution,  showing  the  operations,  expenditures  and  con- 
dition of  the  Inst itutio)i  for  the  year  ending  June  SO,  lOOJ/,.  Pp. 
Ixxix,  804,  with  numerous  plates  and  text-figures. — The  advance 
report  of  the  Secretary,  Professor  S.  P.  I-iangley,  was  noticed  in 
the  number  for  March,  on  page  261.  The  complete  volume  now 
issued  contains  this  administrative  report,  occupying  the  first  one 
hundred  pages,  and  also  loUowing  a  general  appendix,  pp.  109-791, 
containing,  as  usual,  a  series  of  articles.  These  give  brief  accounts 
of  important  scientific  discoveries,  also  reports  of  investigations 
made  by  the  workers  connected  with  the  Institution,  and  some 
more  extended  papers  on  special  subjects  of  interest  to  the  cor- 
respondents of  the  Institution.  The  volume  closes  with  bio- 
graphical notices  of  Sir  George  G.  Stokes,  Professor  von  Zittel 
and  Professor  Karl  Gegenbauer. 

6.  Catalogue  of  tfte  Collection  of  Birds'*  Eggs  in  the  British 
Museum  of  Natural  History,  Volume  IV,  Carinatce  {Passeri- 
fqrmes  continued)  ;  by  Eugene  W.  Oatks  assisted  by  Capt. 
Saville  G.  Reid.  Pp.  xviii,  352,  with  14  colored  plates. 
London,  1905. — This  fourth  volume  of  the  British  Museum  Cata- 
logue of  Birds'  Eggs  corresponds  with  the  fourth  volume  of  Dr. 
Bowlder  Sharpe's  Hand-list  of  Birds.  The  number  of  species 
included  is  620,  represented  by  14,917  specimens. 

7.  Bibliotheca  Zoologica  II.  Verzeichniss  der  Schriften  Uber 
Zoologie  welche  in  den  periodischen  Werken  enthalten  und  vom 
Jahre  1861-1880  selbstdndig  erschie?ien  sind;  bearbeitet  von  Dr. 
O.  Taschenberg.  Siebzehnte  Lieferung.— The  sixth  volume  of 
this  comprehensive  work  is  completed  with  the  present  part. 
Like  the  parts  immediately  preceding,  it  is  devoted  to  the 
tw^enty-second  section  of  the  entire  field,  that  of  Paleozoology, 
which  it  brings  to  a  close.  The  volume,  title  page,  dedication, 
and  table  of  contents  are  also  included. 


Obituary. 

Baron  Ferdinand  von  Richthofen  died  on  October  7th,  at 
the  age  of  seventy-two  years. 

Pkofessok  Leo  Errera,  Professor  of  Botany  in  the  University 
of  Brussels,  died  on  August  1,  at  the  age  of  forty-seven  years. 

Mr.  G.  B.  BucKTON,  F.Ii.S.,  the  English  Entomologist,  died  on 
September  26,  at  the  age  of  eighty-eight  years. 

JVI.  EiJSEE  Reclus,  the  eminent  French  geographer,  died  in 
July  last  in  his  seventy-sixth  year. 
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Art.  XLI.  —  Tioo  New  Ceratopsia  from  the  Laramie  of 
Converse  County^  Wyoming:  by  J.  B.  Hatcher.  (Witb 
Plates  XII,  XI 11.) 

[From  a  Monograph  on  the  Ceratopsia  by  J.  B.  Hatcher.     Pablished  by 
permission  of  the  Director  of  the  U.  S.  Geological  Survey.] 

Editorial  note. — In  the  course  of  his  extensive  study  of  the 
Laramie  Ceratopsia  contained  in  the  U.  S.  National  iMuseum 
and  in  that  of  Yale  University,  Mr.  Hatcher  discovered  two 
forms  which  were  new  to  science.  These  he  described  in  the 
above  mentioned  monograph,  giving  to  the  first,  an  undoubted 
Triceratops,  a  new  specific  name,  while  for  the  second  speci- 
men, which  represents  a  new  genus  as  well  as  species,  no  name 
was  suggested  by  the  author.  Tlie  duty  of  naming  this  form 
devolves  therefore  upon  the  editor.  The  generic  name  Dicera- 
tops  is  suggested  by  the  lack  of  a  nasal  horn,  while  the  specific 
name  hateheri  will  serve  to  commemorate  Mr.  Hatcher's  work 
in  connection  with  this  remarkable  type. 

In  view  of  the  recent  discoveries  among  these  most  interest- 
ing forms,  it  has  been  deemed  advisable  to  publish  these  descrip- 
tions at  the  present  time  >vithout  waiting  for  the  publication 
of  the  monograph. — Richard  S.  Lull. 

Triceratops  brevicornus  sp.  no  v. 
Plate  XII,  Figures  1  and  2. 

Type  No.  1834,  Yale  Museum. 

Char.  Specific:  Supraorbital  liom  cores  short  and  stout,  not  much  com- 
pressed, nearly  circular  in  cross-section.  Nasal  horn  core  short  and 
stout  with  the  anterior  border  vertical  instead  of  being  directed  upward 
and  forward  at  an  angle  of  30  degrees.  Vertical  and  longitudinal 
diameters  of  lateral  temporal  foramen  nearly  equal.  Orbit  irregularly 
elliptical  in  outline  with  the  longer  axis  running  from  above  downward 
and  forward.     Postf rontal  fontainelle  open  even  in  old  individuals. 

The  type^  No.  1834,  Yale  Museum,  of  the  present  species 
consists  of  a  nearly  perfect  skull  with  lower  jaw  and  a  com- 
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plete  series  of  presaeral  vertebrae,  together  with  a  number  of 
ribs  more  or  less  complete,  and  portions  of  the  pelvis,  inclnd- 
ing  a  portion  of  the  right  ilium  and  a  nearly  complete  pubis. 
The  vertebral  series  lay  in  position  with  the  vcrtebrse  inter- 
locked by  their  zygapophyses  from  the  axis  to  the  last  dorsal, 
though  portions  of  some  of  the  vertebrse  had  weathered  away 
when  found.  Behind  the  posterior  dorsal,  impressions  of  the 
centra  of  the  first  two  sacrals  were  preserved  in  the  hard  sand- 
stone in  which  the  skeleton  was  imbedded. 

Locality. — The  skeleton  was  discovered  by  Mr.  W.  H. 
Dtterback,  and  the  exact  locality  was  some  three  miles  above 
the  mouth  of  Lightning  Creek  and  about  one  and  a  half  miles 
south  of  that  stream,  in  Converse  County,  Wyoming.  The 
horizon  was  near  the  summit  of  the  Laramie,  and  the  specimen 
was  collected  by  the  present  writer  assisted  by  Messrs.  W.  IL 
TJtterback,  A.  L.  Sullins,  and  T.  A.  Bostwick.  When  dis- 
covered the  skeleton  lay  imbedded  in  a  hard  sandstone  concre- 
tion and  was  much  shattered  and  weathered  about  the  pelvic 
region.  None  of  the  limb  bones  and  no  part  of  the  tail  were 
recovered. 

The  Skull. 

The  extremely  rugose  nature  of  the  skull  together  with  the 
closed  condition  of  the  sutures,  many  of  which  are  almost  or 
entirely  obliterated,  make  it  certain  that  the  type  of  the  present 
species  pertained  to  an  old  individual. 

The  Cranium, — The  chief  distinctive  features  of  the  cranium 
are  as  follows :  The  supraorbital  horn  cores  are  unusually  short 
and  stout,  especially  at  the  base.  They  are  less  compressed 
and  more  nearly  circular  in  cross-section  than  in  most  other 
species.  The  nasal  horn  is  short  and  very  stout  with  the  antero- 
posterior diameter  much  exceeding  the  transverse.  Its  anterior 
border  is  directed  upward  in  a  line  perpendicular  with  the 
longer  axis  of  the  skull  instead  of  forward  and  upward  at  an 
angle  of  about  thirty  degrees  to  that  axis  as  in  the  type  of 
T,  prorsHS,  The  lachrymal  foramen,  as  in  T.  serratus^  lies 
between  the  maxillary  and  the  nasal,  but  in  the  pi'esent  species 
its  anterior  half  is  entirely  enclosed  by  the  maxillary,  that  bone 
sending   upward   a   short    process  alongside  the  premaxillary 

Eroeess  and  forming  the  anterior  one-half  of  the  superior 
order  of  the  foramen.  The  orbit  is  elliptical  in  outline  with 
the  longer  diameter  inclined  backward  from  the  perpendicular 
at  an  angle  of  about  ten  degrees.  The  lateral  temporal 
fossa  is  triangular  in  outline,  its  respective  borders  describing 
nearly  an  equilateral  triangle,  the  tore  and  aft  diameter  only 
slightly  exceeding  the  vertical.  The  rostral  bone  is  heavy 
and  very  deeply  excavated  beneath.     The  epijugal  is  rather 
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acutely  pointed  and  regnlarly  triangularin  cross-section.  The 
infratem|X)ral  arch,  as  in  T,  servatus^  is  formed  by  the  quad- 
rate with  overlapping  processes  from  the  jngal  and  squamosal, 
that  from  the  latter  element  occupying  a  slightly  more  ele- 
vated position  in  the  type  of  the  present  species  tlian  in  that 
of  jT.  8erratu8,  The  exoccipital  process  extends  distally 
beyond  the  quadrate  and  projects  as  a  small  angular  process. 
There  are  six  exoccipitals,  borne  wholly  on  the  squamosal,  and 
at  least  three  more  between  the  last  of  these  and  the  single 
median  one  situated  at  the  median  parietal  region.  Tliough 
the  frill  is  not  sufficiently  perfect  in  this  region  to  determine 
the  number  of  epoccipitals  with  accuracy,  there  cannot  be 
fewer  than  nineteen.  The  postfrontal  fontanelle  is  large  and 
circular  in  outline.  The  median  longitudinal  crest  of  the  parie- 
tals  is  well  deiined  and  bears  the  usual  rugosities.  Near  the 
apex  the  right  horn  core  has  been  worn  into  a  peculiar  form 
by  the  action  of  wind,  sand  and  water  while  it  protruded  from 
the  sandstone  concretion  in  which  it  was  found  prior  to  its  dis- 
covery. The  palatial  view  shows  no  characters  essentially  dif- 
ferent from  those  of  other  species  of  this  genus.  In  the  region 
of  the  supraoccipitals  and  parietals  the  sutures  are  so  obliter- 
ated by  age  and  obscured  by  distortion  and  crushing  that  it  is 
quite  iinpossible  to  determine  their  nature. 

The  Loxoer  Jaw, — The  lower  jaws  with  the  predentary  were 
in  position  and  in  a  splendid  state  of  preservation.  The  pre- 
dentary is  rather  longer  than  is  common.  On  the  superior 
surface  of  the  mandibular  fossa  near  the  anterior  end  two  large 
foramina  pierce  the  wall  and  pass  upward  toward  the  dental 
chamber.  The  splenial  is  very  broad  posteriorly  and  entirely 
encloses  the  mandibular  fossa,  except  at  the  opening  of  the 
internal  mandibular  foramen.  The  coronoid  process  is  low 
and  stout  and  superiorly  it  is  produced  forward  into  a  broad 
and  somewhat  decurved  projection.  At  its  greatest  expansion 
the  superior  border  of  the  splenial  covers  over  for  a  short  dis- 
tance the  series  of  dental  foramina  on  the  inner  side  of  the 
dentary.  The  principal  characters  of  the  skull  are  well  shown 
in  Plate  XII,  figures  1  and  2. 

The  Vertebrie. — The  vertebrae  will  be  fully  described  in 
that  portion  of  the  monograph  relating  to  the  osteology  of  the 
genus  Trlceratops. 

Principal  Measurements  of  Type  of  T,  breoicornus  (No,  1834, 

Y,  M.), 

Greatest  length  of  skull 1652"'°» 

Greatest  breadth  of  frill 1 1 20 

Expanse  of  jugal 600 
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Expanse  of  frontal  region  at  anterior  border  of  orbits 357"°* 

Greatest  diameter  of  orbit 168 

Least            "          "      "      120 

Fore  and  aft  diameter  of  lateral  temporal  fossa 105 

Vertical              "          "       "            "            "      86 

Distance  from  posterior  border  of  orbit  to  posterior  border 

of  frill 840 

Thickness  of  postfrontal  behind  orbit 130 

Least  antero-posterior  diameter  of  horn  core  immediately 

above  orbit 175 

Antero-posterior  diameter  of  horn  core,  six  inches  above 

orbit _ 117 

Transverse  diamet.er  of  horn  core  immediately  above  orbit  140 

Transverse  diameter  of  horn  core,  six  inches  above  orbit  97 

Greatest  length  of  squamosal 870 

"         breadth  of       «'         433 

Length  of  parietals  along  median  line 712 

Distance  between  squamosal  sutures  at  posterior  border 

of  frill 874 

Distance  between  squamosal  sutures  at  junction  Avith  post- 

f  rontals 330 

Distance  from  anterior  border  of  orbit  to  posterior  border 

of  nasal  opening 228 

Distance  between  orbit  and  lateral  temporal  foramen 142 

Distance  between  lateral  and  supra-temporal  foramina 285 

Distance  from  lateral  temporal  foramen  to  posterior  border 

of  squamosal 705 

Distance  from  occipital  condyle  to  posterior  margin  of 

crest 650 

Distance  from  occipital  condyle  to  interior  border  of  ros- 
tral   1 975 

Distance  from  posterior  border  of  anterior  nares  to  ante- 
rior border  of  rostral 525 

Distance  from  postfrontal  foramen  to  extremity  of  nasal 

horn J50 

Greatest  expanse  of  exoccipital  processes 550 

Distance  from  inferior  border  of  orbit  to  bottom  of  jugal  343 

Diameter  of  occipital  condyle 88 

Distance  from  mid-frontal  region  to  apex  of  supraorbital 

horn 500 

Length  of  splenial 503 

"          *'  predentary 255 

Greatest  breadth  of  predentary 142 

Combined  length  of  dentary  and  predentary 681 

*'                "        "         ''          "    articular 620 

Total  length  of  presacral  vertebral  series 2290 

"           "        *'  dorsal  series 1490 
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Dicer atops  hatcheri  Lull,  gen.  et  sp.  nov. 
Plate  XIII,  Figures  8  and  4. 

Mr.  Hatcher's  description  is  as  follows : 

*^Char.  Generic:  Nasal  horn  core  absent.  Squamosal  bones  pierced  by  large 
f enestrse,  while  smaller  ones  penetrate  the  parietals.  The  inferior  border 
of  the  squamosal  lacks  a  quadrate  notch. 

Type  No.  2412,  U.  S.  National  Museum. 

^*Char.  Specific:  Supraorbital  horn  cores  short,  robust,  and  nearly  circular 
in  cross-section  at  base,  erect  and  but  slightly  curved.  Orbits  project 
in  front  of  the  horns,  the  frontal  region  lying  between  the  horns  being 
concave.     Exoccipital  processes  slender  and  widely  expanded. 

"  The  type^  No.  2412,  of  the  U.  S.  National  Museum,  con- 
sists of  a  skull  without  the  lower  jaw.  The  posterior  portion 
of  the  frill  is  somewhat  weathered  but  the  specimen  appears 
to  have  suffered  comparatively  little  from  crushing. 

''Locality:  The  specimen  was  found  in  a  hard  sandstone 
concretion  about  three  miles  southwest  of  the  mouth  of  Light- 
ning Creek,  Converse  County,  Wyoming.  When  found  the 
concretion  in  which  the  shell  was  imbedded  had  entirely  weath- 
ered out  of  the  surrounding  sandstone  and  stood  at  an  altitude 
of  five  or  six  feet  above  the  ground,  firmly  attached  beneath 
to  another  concretion.  The  skull  stood  on  its  nose  with  the 
frill  pointing  upward. 

"  The  Skull :  The  chief  distinctive  features  of  the  skull  are 
as  follows:  The  supraorbital  horn  cores  are  comparatively 
short,  robust,  and  nearly  circular  in  cross-section  at  the  base 
instead  of  compressed,  as  in  most  other  species.  They  rise 
more  directly  upward  than  in  other  species  and  are  only  slightly 
curved.  The  orbits  also  occupy  a  position  more  anterior 
than  that  seen  in  other  species;  the  anterior  borders  of  the 
horn  cores  rise  from  about  the  middle  of  the  superior  borders 
of  the  orbits  so  that  the  orbits  project  well  in  front  of  the 
horns.  The  frontal  region  between  the  orbits  is  concave. 
The  exoccipital  processes  are  rather  slender  and  widely  ex- 
panded. 

"The  nasals  terminate  anteriorly  in  a  rounded  rugosity  not 
developed  into  anything  approaching  a  nasal  horn  and  resem- 
bling that  of  the  type  of  Trlceratops  obtusus.  The  rostral  bone 
is  small  and  firmly  coosified  with  the  premaxillaries.  The  lat- 
ter are  elongate  but  not  deep.  The  maxillaries  are  massive 
and  the  lachrymal  foramen  is  elongate  and  below  and  com- 
siderably  forward  of  the  orbit.  The  jugal  is  broad  distally 
and  firmly  coossified  with  the  epijugal.  The  lateral  temporal 
fossa  is  nearly  as  deep  vertically  as  longitudinally.     The  squa- 
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niosal  is  elongate,  and  just  posterior  to  the  quadrate  groove  it 
is  pierced  by  a  large  fenestra.  The  antero-inferior  angle  is 
little  produced  and  there  is  no  quadrate  notch,  the  inferior 
border  in  this  region  describing  widely  an  open  concavity.     The 

f>arietals  are  broad  and  thin  and,  on  either  side  of  the  median 
ine  about  235°"°  in  front  of  the  j)08terior  border,  there  is  an 
elongated  fenestra  with  a  longitudinal  diameter  of  150°""  and  a 
greatest  transverse  diameter  of  52°*™.  This  fenestra  is  com- 
pletely enclosed  on  the  right  side,  but  on  the  left  the  parietal  is 
injured  in  this  region.  In  tlie  drawings  it  has  been  restored 
from  the  right  side.  The  supra- temporal  fossa  is  elongate. 
There  is  a  single  median  postfrontal  fontanelle  as  in  Tricera- 
tops^  but  posteriorly  this  gives  origin  to  two  deep  channels,  one 
on  either  side.  These  run  backward  along  the  surface  of  the 
parietal  and  terminate  in  two  small  circular  fontanelles,  condi- 
tions very  similar  to  those  which  obtain  in  Torosaurua. 

Meaauremeuta  of  the  type, 

"  Distance  from  anterior  end  of  rostral  to  posterior  of  squa- 
mosal   1990°*" 

Distance  from  anterior  end  of  rostral  to  anterior  of  orbits  845 
"            "     inferior  border  of  orbit  to  lower  end  of  jugal  363 
"            "     posterior  border. of   nasal  opening  to  ex- 
tremity of  beak    614 

Distance  from  posterior  border  of  orbit  to  posterior  sur- 
face of  born  core 175 

Distance  between  anterior  borders  of  orbits 340 

Circumference  of  supraorbital  horn  cores  at  base 610 

"  "  "  "      mm.  above  orbit 340 

Vertical  diameter  of  orbits 165 

Anteroposterior  diameter  of  orbits 125 


o" 


[Note. — This  genus  is  most  nearly  allied  to  Triceratops  and  is 
distinguished  therefrom  mainly  by  the  much  smaller  rostral  bone ; 
by  the  absence  of  a  nasal  horn,  which  in  all  species  save  T, 
ohtusus  is  fairly  well  developed  ;  by  the  very  erect,  short,  robust, 
supraorbital  horn  cores  which  seem  to  take  their  origin  much 
further  back  with  relation  to  the  orbit ;  by  the  concavity  of  the 
frontal  region  between  the  orbits  and  by  the  peculiar  form  of  the 
postfrontal  fontanelle.  The  general  proportions  of  the  skull 
resemble  TViceratopa  rather  than  the  contemporary  genus  Toro- 
aauriuiy  in  which  the  great  frill  so  preponderates  over  the  compara- 
tively abbreviated  facial  region.  The  parietals  resemble  those  of 
Triceratops  except  for  the  presence  of  the  small  fenestras  on 
either  side  of  the  median  line. 

The  squamosals  differ  from  those  of  Triceratops  in  the  con- 
formation of  the  lower  border,  which  lacks  the  quadrate  notch, 
and  in  the  presence  of  the  unique  fenestrse. 


t/.  B.  Hatcher — Two  New  Ceratopsia.  419 

Aside  from  the  general  proportions  of  the  skull,  JDiceratops  and 
Torosaurus  differ  in  the  presence  in  the  former  of  separately  ossi- 
fied epoceipital  bones  around  the  margin  of  the  frill.  These 
ossicles  are  apparently  entirely  lacking  in  Torosaurus.  The  two 
genera  agree  in  the  possession  of  parietal  fenestrie  though  these 
are  evidently  not  homogenous.  They  also  agree  in  the  form  of 
the  postfrontal  fontanelle. 

While  I  believe  JDiceratops  to  be  a  valid  genus,  I  am  not 
inclined  to  lay  the  stress  upon  the  parietal  and  squamosal  fenestrce 
which  Hatcher  does,  as  they  may  possibly  be  pathologic.  Those 
of  the  f^uamosal  bones,  which  are  found  in  no  other  form  among 
Ceratopsia,  are  not  of  the  same  size,  while  only  one  is  known  in 
the  parietals  for  the  sufficient  reason  that  the  bone  is  broken 
away  on  the  left  side  where  the  fenestra  would  come  if  present, 
and  it  is  quite  possible  that  it  may  never  have  existed. 

There  is  preserved  in  the  Museum  at  Yale  University  a  Clao- 
saurus  scapula  with  a  clean  cut  foramen  through  it  with  perfectly 
healed  edges.  This  foramen  is  not  present  in  the  other  scapula 
from  the  same  individual  and  Professor  Marsh  used  to  say  that 
the  perforation  was  caused  by  a  Triceratops  horn.  This  certainly 
seems  suggestive  of  the  manner  in  which  the  Diceratops  fenes- 
trae  may  have  arisen.  Richard  S.  Lull. 

Amherst,  Mass.] 

DESCRIPTION  OF  PLATES. 

Plate  XII. 

Sknll  of  the  type  specimen  of  Triceratops  breviconius  Hatcher.     No.  1834, 
Tale  University  Maseam.     One-sixteenth  natural  size. 

Figure  1. — Lateral  view,  ang^  angular;  arty  articular;  cp,  coronoid 
process ;  D,  dentary  ;  ep,  epoceipital ;  ju,  jugal ;  //,  lachrymal  foramen; 
mx,  maxillary ;  nOy  nasal  opening ;  nhy  nasal  horn  core ;  o,  orhit ;  pa^ 
parietal ;  pd,  predentary ;  pmx,  premaxillary  ;  qu,  quadrate  ;  r,  rostral 
bone ;  sangy  surangular ;  sg,  squamosal ;  sohy  supraorbital  horn  core. 

FiouBE  2. — Palatal  view,  dcy  dental  channel ;  exoy  exoccipital ;  Ju,  jugal ; 
mXy  maxillary ;  pa^  parietal ;  paly  palatine ;  pmxy  premaxillary ;  pt, 
pterygoid ;  qu,  quadrate  ;  r,  rostral  bone ;  sq,  squamosal ;  BO,  basi- 
occipital ;  C,  occipital  condyle. 

Plate  XIII 

Type    skull    of    Diceratops  hatcheri  Lull.      No.   2412,    U.   S.   National 
Museum.     One-sixteenth  natural  size. 

Figure  1. — Lateral  view,  ep,  epoceipital ;  //,  lachi*ymal  foramen  ;  mf,  max- 
illary teeth ;  mx,  maxillary ;  n,  nasal ;  NO,  nasal  opening ;  o,  orbit ; 
pa,  parietal ;  pntx,  premaxillary ;  quy  quadrate  ;  r,  rostral  bone ;  SF, 
squamosal  fenestra  ;  sohy  supraorbital  horn  core. 

Figure  2. — Dorsal  view,  ep,  epoceipital ;  //,  lachrymal  foramen ;  n,  nasal 
opening ;  o,  orbit ;  pa,  parietal ;  pa/,  parietal  fenestra ;  pffy  postfrontal 
fontanelle ;  »*,  rostral  bone ;  SF,  squamosal  fenestra ;  sq,  squamosal  * 
9oh,  supraorbital  horn  core. 
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Art.  XLII — Restoration  of  the  Ilorfied  Dinosaur  Dicera- 
tops; by  Richard  S.  Lull.     (With  Plate  XIV.) 

The  new  genus  and  species  described  by  Hatcher  in  the  pre- 
ceding article  represents  perhaps  the  most  bizarre  and  grotesque 
form  among  all  the  race  of  horned  dinosaurs,  and  the  author 
has  attempted  an  interpretation  for  the  purpose  of  empha- 
sizing the  features  wherein  this  animal  differed  from  any  of 
its  allies. 

Diceratops  comes  from  the  Laramie  of  Converse  County,  Wyo- 
ming, and  while  contemporaneous  with  Triceratops  and  Toro- 
saurus  it  is  probably  as  late  in  geological  time  as  any  of  the 
species  of  either  genus,  and  may  be  said  to  represent  the  cul- 
mination of  at  least  one  phylum  of  the  Ceratopsia.  Diceratops 
differs  from  Torosaurus  in  the  proportions  of  the  skull,  for  in 
the  latter  genus  the  frill  is  relatively  huge  as  contrasted  with 
the  abbreviated  facial  region.  In  this  Diceratops  and  Tricera- 
tops agree,  and  it  is  quite  evident  that  there  is  a  genetic  rela- 
tionship between  these  genera,  while  Torosaurus  represents  a 
totally  distinct  phylum. 

Perhaps  the  most  notable  point  of  distinction  between  Tri- 
ceratops and  Diceratops  is  the  presence  of  a  fairly  well  devel- 
oped nasal  horn  in  the  former  while  in  the  latter  genus  it  is 
lacking,  a  feature  which  in  the  author's  mind  represents  the 
culmination  of  specialization. 

The  earliest  known  Ceratopsia  are  the  Judith  River  types, 
characterized  by  an  incomplete  frill,  by  rudimentary  horns 
above  the  eyes,  and  by  a  very  well  developed,  generally  erect 
or  backward ly  curved  nasal  honi. 

The  supraorbital  horns  are  progressive  structures  while  the 
nasal  horn  is  retrogressive,  and  during  the  lapse  of  time  between 
the  Judith  River  and  Laramie  periods,  when  the  marine  Bear- 
paw  shales  and  Fox  Hills  sandstones  were  laid  down,  the  Cera- 
topsia underwent  a  remarkable  though  unrecorded  evolution, 
for  when  they  again  come  into  view  in  the  Laramie  the  arma- 
ment is  reversed,  in  that  the  great  temporal  horns  are  by  far 
the  larger  and  more  efficient  weapons,  and  the  diminishing 
nasal  liorn,  while  supplementing  the  others  in  the  various  spe- 
cies of  Triceratops  and  Torosaurus,  is  vestigial  in  the  form 
under  discussion. 

This  change  of  armament  was  necessarily  accompanied  by 
a  change  in  the  method  of  attack,  for  while  the  Juaith  River 
types  probably  used  the  one  horn  much  as  the  rhinoceros  does, 
with  an  upward  thrust,  Triceratops  seems  to  have  charged  with 
lowered  head,  the  small  forwardly  directed  nasal  and  the  larger 
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supraorbital  horns  meeting  the  enemy  at  the  same  moment  of 
impact.  The  frill  now  becomes  of  greater  protective  value 
instead  of  aflEording  leverage  merely  for  the  muscles  of  the 
neck. 

Diceratops  exhibits  the  extreme  of  development  of  this  style 
of  warfare,  for  the  supraorbital  horns  are  the  sole  aggressive 
weapons  while  the  widely  expanded  frill  served  admirably  to 
withstand  the  shock  of  the  adversary's  horns.  We  have  here 
a  precise  analogy  with  the  knight  of  old  tilting  with  his  spear 
and  shield. 

The  skull  of  Diceratops  shows  the  horns  to  be  very  erect, 
much  more  so  than  in  Triceratops,  so  that  the  head  would  have 
to  be  carried  much  lower  in  charging  than  in  the  latter  genus 
and  the  horns  through  relatively  short  are  extremely  powerful. 
I  have  indicated  a  callosity,  the  last  vestige  of  a  horn,  over  the 
nasals,  for  they  still  remain  very  highly  arched  and  evidently 
bore  some  of  the  impact  of  the  adversary's  blow.  The  eyes 
were  set  in  deep  thick-rimmed  sockets  which  look  directly  out- 
ward, evidently  limiting  the  forward  range  of  vision,  but  afford- 
ing ample  protection  to  these  highly  necessary  organs. 

If  one  will  turn  to  Hatcher's  figure  of  the  Diceratops  skull 
(Plate  XIII,  figures  1  and  2),  he  will  notice  in  the  frill  several 
apertures  which  Hatcher  has  called  "fenestrse."  Two  of 
these  are  through  the  squamosal  portion  of  the  frill,  one  on 
either  side,  and  one  through  the  parietal.*  They  are  irregular 
in  size  and  in  position,  and  while  the  Judith  River  types  and 
Torosaurus  among  the  Laramie  forms  have  parietal  fenestrae, 
they  are  large  and  symmetrical,  and  there  is  no  instance  of  squa- 
mosal fenestrae  in  any  known  genus  of  Ceratopsia.  If  the 
author's  conception  of  the  final  function  of  the  frill  is  correct, 
there  would  be  no  reason  for  the  development  of  apertures 
through  it,  which  would  only  tend  to  weaken  it  and  mar  its 
usefulness.  It  seems  vastly  more  probable  that  these  are  "  old 
dints  of  deep  wounds"  received  in  combat.  None  of  them, 
not  even  the  great  one  on  the  left,  were  necessarily  fatal,  as 
they  all  seem  to  be  through  the  free  portion  of  the  frill, 
and,  while  the  bone  was  destroyed,  the  horny  or  leathery  integ- 
ument may  have  grown  again  over  the  gap  as  indicated  in 
the  model.  The  edge  of  the  apertures  are  healed,  showing 
that  the  animal  lived  for  some  time  after  the  injuries  were 
received. 

I  have  represented  the  gape  of  the  mouth  with  much  less 

♦  Mr.  C.  W.  Gilmore,  who  prepared  the  type  specimen  of  Diceratops,  is  by 
no  means  sure  of  the  **  parietal  fenestra."  There  was  no  bone  adhering  to 
the  matrix  at  that  point  so  he  left  tlie  opening  through  the  frill  for  want  of 
evidence  to  the  contrary.  The  bone  forming  the  margin  of  the  left  squamosal 
aperture  is  decidedly  pathologic. 
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backward  extent  than  in  other  restorations  of  Ceratopsia.  Here 
we  cannot  be  guided  by  the  form  of  the  mouth  in  existing 
reptiles,  for  none  living  have  tlie  same  feeding  habits  as  these 
dinosaurs.  Here  the  mouth  may  properly  be  divided  into  an 
anterior  prehensile  portion,  the  turtle-like  beak,  and  a  posterior 
masticating  portion,  the  dental  armature.  In  herbivorous 
mammals  the  gape  only  includes  the  prehensile  and  never  the 
masticating  portion,  because  of  the  necessity  of  muscular  cheeks 
to  retain  the  food  in  the  mouth.  The  Ceratopsia  had  a  dental 
apparatus  which  chopped  the  food  into  short  lengths,  and  the 
pieces,  falling  outside  of  the  lower  jaw,  would  have  been  lost 
had  the  gape  extended  backward  beyond  the  beginning  of  the 
tooth  series. 

Massachnsetts  Agricultural  College,  Amherst. 
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Art.  XLIII. — Tridssic  System  in  New  Mexico  ;  by  Charles 

K.  Keyes. 

The  ''Red  Beds"  of  the  Southwest,  from  ceutral  Kansas  to 
the  Grand  Canyon,  have  long  defied  every  attempt  to  deter- 
mine their  geological  age,  and  to  satisfactorily  settle  even  the 
larger  problems  connected  with  their  stratigraphy.  In  Kansas, 
in  Oklahoma,  in  Texas,  and  on  through  New  Mexico  and 
Arizona  to  Utah,  these  formations  have  for  more  than  half  a 
century  remained  a  puzzle.  Those  who  have  had  to  give  some 
attention  to  the  Red  Beds  have,  in  the  absence  of  abundant 
characteristic  fossils,  considered  the  entire  sequence  either  Tri- 
assic  in  age  or  (so-called  Permian)  Carboniferous. 

Since  the  making  of  extensive  examinations  of  the  Red  Beds 
formations  over  broad  areas  in  New  Mexico  and  the  adjoining 
states  during  the  past  few  years,  it  has  been  found  that  there 
are  a  number  of  important  general  features  that  have  either 
not  received  the  attention  they  deserve,  or  have  escaped  notice 
altogether.  When  tw^o  years  ago  I  made  the  statement*  con- 
cerning the  Kansas  section,  that  after  seeing  at  close  range  the 
Red  Beds  of  New  Mexico  sufficient  data  had  been  obtained  to 
clearly  demonstrate  that  their  stratigraphy  could  not  be  unrav- 
eled on  the  basis  of  the  Kansas  sctieme,  the  separation  of 
the  Red  Beds  into  their  component  parts  was  then  beginning 
to  resolve  itself  into  a  satisfactory  reality. 

The  Red  Beds  do  not  form  the  homogeneous  succession  that 
they  have  been  generally  regarded  as  doing.  Lithologically 
they  are  broadly  divisible  into  two  easily  distinguishable 
parts.  There  is  a  large  portion  of  the  entire  section  composed 
of  heavy  argillaceous  shales  and  clayey  sandstones  usually  of 
deep  red  colore,  rather  uniform  throughout,  with  much  gyp- 
sum intercalated  and  disseminated,  and  with  saline  shales 
abounding.  The  upper  part  consists  of  light,  sandy  shales 
chiefly,  with  some  heavy  sandstones;  the  colors,  while  prevail- 
ingly reds,  are  quite  varied;  gypsum  and  saline  shales  are  pres- 
ent only  sparingly.  The  plane  separating  the  two  parts  oi  the 
Red  Beds  section,  as  thus  defined,  is,  w^hen  once  recognized, 
a  conspicuous  one. 

In  eastern  New  Mexico,  in  the  Canadian  and  Pecos  valleys, 
around  the  northern  and  western  margins  of  the  Llano  Esta- 
cado,  there  is  at  the  base  of  the  upper  one  of  the  two  terranes 
a  well  marked  conglomerate  that  has  been  widely  traced.  Un- 
conformable relationships  exist  between  this  and  the  strata 
beneath.  In  western  Texas,  Drakef  and  Cummins  have  also 
well  established  these  facts. 

*  American  Geologist,  yoI.  xxxii,  pp.  218-223,  1903. 
t  Texas  Geol.  Sur. ,  Third  Ann.  Kept.,  p.  227,  1892. 
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In  western  New  Mexico,  in  the  Zuni  uplift,  there  exist,  as 
was  first  shown  by  Dutton,*  similar  conditions,  except  that 
the  evidences  of  unconfonnities  have  not  as  yet  been  noted, 
,  and  in  fact  no  attempt  has  yet  been  made  to  look  carefully  for 
them.  Between  the  two  lithologically  different  parts  of  the 
Zuni  section  of  the  Red  Beds  there  also  exists  an  important 
conglomerate  which  the  author  just  mentioned  correlates  with 
Powell's  Shinarump  conglomerate  of  the  Grand  Canyon,  and 
which  is  considered  the  base  of  the  Triassic  of  that  district. 

According  to  all  available  data,  derived  from  the  biologic 
contents,  wliich  at  best  are  rather  meager,  the  stratigraphic 
relationships,  and  lithologic  characters,  there  is  a  lower  ])ortion 
of  the  Red  Beds  belongmg  to  the  so-called  Permian  (Carbon- 
iferous) and  an  upper  portion  which  appears  to  be  Triassic  in 
age. 

One  great  difficulty  which  has  been  encountered  in  the  con- 
sideration of  the  Red  Beds  in  the  southwestern  United  States 
has  been  the  existence  of  a  great  erosion  interval  during  Early 
Cretaceous  times  when  the  Red  Beds  suffered  severely  from 
planing  off  during  the  period  when  they  constituted  part  of  a 
vast  land  area.  This  lact  has  only  lately  been  fully  appre- 
ciated,t  and  its  full  significance  grasped. 

The  three  general  sections  of  western,  central  and  eastern 
New  Mexico  may  be  paralleled  as  in  the  subjoined  table : 

General  Red  Beds  Sections  in  New  Mexico. 

Western  Section.                    Central  Section.  Eastern  Section. 

Dakota  sandstones..                Dakota  ss.  Dakota  sandstones.. 

Wanting Wanting  Comanche  sandstones   300 

Zuni  shales , 1200       Wanting         Pyramid  shales 100 

Wingate  sandstones     800       Wanting  Amarillo  sandstones     200 

Shinarump  shales  ..   1500       Wanting         Endee  shales 300 

Moencopie  shales 500       Wanting         Cimarron  shales 1000 

Madera  limestones   .  Madera  li.       Not  exposed 

The  geographic  distribution  of  the  Triassic  beds  presents 
some  special  points  of  interest.  East  of  the  JKio  Grande  the 
Carboniferous  part  of  the  Red  Beds  probably  greatly  predom- 
inates over  the  Triassic  portion.  West  of  that  stream  the  lat- 
ter no  doubt  has  very  much  the  larger  section.  Owing  to  exten- 
sive erosion  that  took  place  over  the  Red  Beds  district,  at  least 
throughout  much  of  what  is  now  New  Mexico,  before  the 
deposition  of  the  Dakota  sandstone,  a  large  portion  of  the  Tri- 
assic portion  must  have  l^een  removed.  It  may  be  that  part 
of  this  erosion  took  place  just  prior  to  Triassic  times,  as  the 
conglomerate  bed  500   feet  above  the  base  of  the  Red  Beds 

♦U.  S.  Geol.  Sur. ,  Sixth  Ann.  Kept.,  p.  135,  1886. 
fThis  Journal  (4),  vol.  xviii,  pp.  300-302,  1904. 
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section  in  the  Zuni  region  and  in  the  middle  of  the  section  in 
eastern  New  Mexico  would  indicate. 

In  the  Canadian  valley,  at  the  eastern  border  of  New  Mexico, 
the  sediments  of  the  Triassic  system  are  well  represented  at 
the  top  of  the  Red  Beds  section.  Farther  westward,  where  the 
Kio  I^ecos  cuts  the  Glorietta  escarpment,  Newberry  distin- 
guished both  Triassic  and  Permian  (Cimarron)  plant  remains. 

Around  the  entire  escarpment  of  the  Llano  Estacado,  or 
Staked  Plains,  in  eastern  New  Mexico  and  western  Texas, 
embracing  an  area  of  over  50,000  square  miles,  the  Triassic 
beds  are  more  or  less  well  exposed.  The  New  Mexico  portion 
of  this  belt  is  300  miles  long.  The  greater  part  of  the  Red 
Beds  section  seen  in  the  Canadian  and  Pecos  valleys  is  of  Tri- 
assic age.  Only  in  the  bottom  of  these  valleys  is  the  Carbon- 
iferous part  of  the  Red  Beds  found. 

It  now  seems  quite  likely  that  within  the  boundaries  of 
Kansas  none  of  the  Red  Beds  section  can  be  considered  as  being 
of  Triassic  age.  Early  Cretaceous  erosion,  which  bevelled  off 
the  Red  Beds,  appears  to  have  removed  the  Triassic  strata  alto- 
gether east  of  the  New  Mexico  line  and  north  of  the  Canadian 
river.  The  youngest  layers  of  the  Early  Cretaceous  (Comanche 
series)  in  overlapping  northward  on  the  old,  even,  erosion-sur- 
face, now  appear  to  rest,  in  southern  Kansas,  on  the  lower  part 
only  of  the  Red  Beds. 

West  of  the  Rio  Grande,  in  north-central  New  Mexico,  along 
the  Chama  river,  at  the  locality  known  as  Abiquiu,  Newberry 
and  Cope  regarded  a  very  thick  Triassic  section  to  be  repre- 
sented. Around  the  Zuni  mountains  is  an  important  belt  of 
Triassic  strata,  which  according  to  Dutton  are  more  than  3500 
feet  in  thickness. 

As  detailed  mapping  of  the  region  goes  on,  the  beds  which 
have  been  considered  as  belonging  to  the  Triassic  system  will 
be  found  to  have  a  very  much  wider  geographic  distribution 
than  is  at  present  known,  and  many  new  localities  will  doubt- 
less be  discovered  in  which  these  strata  are  well  represented. 

In  eastern  New  Mexico  the  basal  plane  of  the  Triassic  appears 
to  be  well  established  at  the  bottom  of  a  well-marked  conglom- 
eratic sandstone  which  separates  the  lower,  dark  red,  clayey 
Red  Beds  from  the  upper,  light  reddish,  sandy  portions.  At 
the  base  of  this  conglomerate  there  are  abundant  evidences  of 
unconformable  relationships  between  the  two  parts  of  the 
'section. 

These  relationships  are  well  displayed  along  the  northern 
magnificent  escarpment  of  the  Llano  Estacado,  which  forms 
the  south  side  of  the  Canadian  valley.  Drake,*  who  has  traced 
the  formation  along  the  entire  length  of  this  great  wall,  and 

♦Texas  Geol.  Sur.,  Third  Ann.  Kept.,  p.  229,  1892. 
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who  has  examined  its  details  rather  carefully,  says  regarding 
the  character  of  this  unconformity :  "The  slight  difference  in 
dip,  and  sudden  change  in  lithological  character  of  the  Triassic 
beds  from  the  Permian,  point  conclusively  to  a  break  in  the  sedi- 
mentation of  the  two  formations.  At  some  localities  the  Tri- 
assic beds  are  overlain  by  Cretaceous,  but  generally  by  Tertiary 
material.  The  Cretaceous  escarpments  or  buttes  resting  on 
the  Triassic  l>eds  are  often  two  hundred  feet  thick,  and  mostly 
limestone.  The  denuding  forces  that  for  an  immense  length 
of  time  were  cutting  these  Cretaceous  rocks  back  towards  their 
present  limits  must  have  carried  away  a  great  deal  of  the  Tri- 
assic before  it  was  covered  by  Tertiary.  The  strata  thus 
enclosed  between  two  unconformable  beds  must  of  necessity 
vary  in  thickness,  and  so  we  find  it  varying  from  a  few  feet  to 
nearly  four  hundred  feet.  Even  in  localities  close  together  the 
beds  vary  considerably  in  thickness.  The  average,  however, 
will  probably  reach  two  hundred  feet." 

Of  the  appearance  of  the  two  formations  a  short  distance 
east  of  the  New  Mexico  line  the  same  writer  *  observes : 
"  The  contact  l)etween  the  Dockum  beds  and  the  underlying 
Permian  is  clearly  marked.  Both  the  color  and  lithological  char- 
acteristics of  the  two  formations  bear  a  striking  contrast.  The 
Permian  is  a  bright  red  argillaceous  sand,  slightly  shaly, 
though  sometimes  massive,  is  characteristic  for  stratification 
planes,  and  below  the  top  forty  feet  is  interstratified  with 
massive  and  fibrous  gypsum,  the  gypsum  becoming  more  abun- 
dant toward  the  base  of  the  section  exposed.  The  Doekuni 
beds,  arenaceous  clays,  in  contact  are  a  yellowish  purple  or  a 
yellowish  red,  sometimes  decidedly  yellowish.  The  beading  is 
usually  uniform  and  lacks  the  stratification  planes  so  character- 
istic oi  the  Permian.  The  contrast  between  the  formations 
along  their  contact  is  so  great  that  the  contact  may  be 
located  as  far  as  the  eye  can  see  stratification  planes  in  the 
freshly  eroded  outcropping  bed,  or  as  far  as  it  can  distinguish 
sharply  contrasting  colors." 

The  upper  limiting  horizon  of  the  Triassic  section  is  well 
defined.  In  the  east,  around  the  Llano  Estacado  in  the  Cana- 
dian and  Pecos  valleys,  the  superjacent  formations  are  beds  of 
the  Comanche  series  of  the  Early  Cretaceous.  A  little  farther 
to  the  westward  the  massive  Dakota  sandstone  of  the  Mid- 
Cretaceous  age  is  the  capping  member.  West  of  the  Kio 
Grande  there  comes  in  between  the  Wingate  division  of  the 
Triassic  Red  Beds  and  the  undoubted  Dakota  sandstone  a 
series  of  red  and  white  shaly  sandstones  having  a  thickness  of 
1,200  feet,  the  exact  age  of  which  is  at  present  not  definitely 
determined.     This  formation  is  thought  to  belong  to  the  Tri- 

♦lbid.,p.  241. 
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assic  system.  It  is  not  impossible  that  it  is  Jurassic  or  Creta- 
ceous in  age.  It  is  the  beginning  of  a  great  formation  wliich 
extends  a  long  distance  to  the  northwestward  into  Arizona, 
western  Colorado  and  Utah  and  which  has  been  regarded  as 
representing  the  Jurassic  period. 

East  of  the  Rio  Grande  a  very  marked  plane  of  unconform- 
ity separates  the  Dakota  sandstone  from  the  Red  Beds  beneath. 
This  break  in  sedimentation  represents  a  profound  erosion 
period,  to  which  more  detailed  reference  is  made  in  another 
place 

The  stratigraphic  extent  of  the  Triassic  strata  in  eastern 
New  Mexico  embraces  about  500  feet  of  the  general  geological 
section.  In  the  west  the  vertical  measurement  is  very  much 
greater.     Dutton  places  it  at  3,500  feet. 

As  regards  correlation  of  the  Triassic  formations,  that  por- 
tion of  the  Red  Beds  which  has  been  regarded  as  of  Triassic 
age  may  be  compared,  on  the  one  hand,  with  the  cognate  beds 
of  the  Texas  section,  and  on  the  other  with  the  enormous 
thicknesses  of  Triassic  strata  in  Arizona,  Utah  and  Colorado. 

The  standard  section  of  the  Triassic  in  New  Mexico  should 
be  considered  typically  developed  in  the  northwestern  portion 
of  the  region,  where  the  section  is  most  complete  and  most 
extensive.  In  comparing  this  sequence  with  the  Texas,  Okla- 
homa and  Kansas  sections  of  the  Red  Beds  there  are  presented 
some  difficulties  of  an  unusual  kind.  The  planing  off  of  the 
folded  Paleozoics  including  the  Red  Beds  in  great  part,  during 
the  erosion  interval  which  existed  in  the  eastern  New  Mexico 
region  just  before  the  deposition  of  the  Dakota  sandstone, 
removed  a  very  large  portion  of  the  formation. 

As  at  present  understood,  the  general  relationships  of  the 
Carboniferous  part  of  the  Red  Beds,  the  Triassic  Red  Beds, 
and  the  associated  formations  are  best  indicated  by  diagram  as 
given  below. 


Fig.  1.— Relationships  of  the  Triassic  Formations  in  the  southern  Rocky 
Moantains. 

The  cross-section  traverses  New  Mexico  in  a  nearly  east  and 
west  direction,  passing  through  the  Cerro  Tucumcari  and  the 

Zuni  mountains. 

Owing  to  mountain-making  movements  which  took  place  m 
the  region  in  the  latest  Carboniferous  or  in  Early  Cretaceous 
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times,  or  possibly  in  both,  the  Paleozoic  formations  and  Tri- 
assic  beds  were  bowed  up,  somewhat  folded  and  faulted  and 
then  eroded  oflf  as  a  land  surface.  When  Mid-Cretaceous 
(basal  part  of  ''Upper")  beds  were  laid  down,  they  were 
deposited  largely  on  this  old  land  surface  worn  out  on  the 
bevelled  edges  of  the  older  formations. 

In  the  east  there  are  shown  marked  imconformable  relation- 
ships not  only  between  th^  Cimarron  Red  Beds  and  the  Tri- 
assic  Red  Beds,  but  between  the  latter  and  the  Comanche  series, 
between  the  last  mentioned  and  the  Dakota  sandstone  series, 
and  between  all  of  these  and  the  Tertiary  formations. 

In  central  New  Mexico,  the  Dakota  series  rests  directly  on 
the  Madera  limestones  of  the  Carboniferous.  The  Red  feeds 
of  both  the  Cimarron  series  and  the  series  of  the  Triassic  have 
been  entirely  removed  through  Early  Cretaceous  erosion.  The 
Comanche  series,  which  had  been  constantly  encroaching  upon 
the  old  land  area  from  the  beginning  to  the  end  of  its  period 
of  deposition,  did  not  reach  this  far.  In  consequence  the  Mid- 
Cretaceous  sandstones  (Dakota)  were  deposited  directly  upon 
the  Carboniferous  limestones  (Madera). 

In  the  west  the  sequence  was  very  much  as  it  was  in  the 
east,  except  that  the  Early  Cretaceous  appears  to  be  entirely 
missing,  the  Triassic  section  very  much  thicker,  and  the  Cim- 
arron section  very  much  reduced. 

It  is  a  singular  fact  that  the  tripartite  character  of  the  Tri- 
assic sections  in  the  west  has  a  triple  counterpart  in  the  east. 
No  direct  connection  between  the  two  sections  has  been  actu- 
ally traced  in  this  field,  for  in  central  New  Mexico  a  wide 
gap  exists. 

Comparing  the  eastern  section  with  the  sections  of  the 
adjoining  portions  of  Texas,  this  agreement  is  very  close.  The 
entire  Triassic  section  is  there  called  the  Dockum  l>eds.  As 
already  stated,  it  is  not  believed  that  any  portion  of  the  Red 
Beds  of  Kansas  are  represented  by  the  Triassic  formations  of 
New  Mexico. 

In  the  Zuni  uplift,  where  the  Triassic  beds  are  so  well  dis- 
played, they  come  up  from  beneath  the  vast  field  of  Cretaceous 
sandstones.  The  sequence  between  the  so-called  Permian  Red 
Beds  and  the  Dakota  sandstones  of  the  Cretaceous  is  very  thick. 
The  data  upon  which  the  geological  age  has  been  determined 
have  been  already  given.  Dutton,  who  a  quarter  of  a  century 
ago  had  perhaps  given  the  subject  more  attention  than  anyone 
else,  was  unable  to  satisfactorily  separate  the  two  parts.  He 
says  that  the  "  Triassic  system  of  New  Mexico  cannot  be  corre- 
lated so  easily  with  its  connate  beds  in  southern  Utah  and  the 
Grand  Canyon  district  as  the  Carboniferous  and  Permian.  In 
the  former  region  it  has  yielded  but  few  fossils,  while  in  the 
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latter  it  has  yielded  none  at  all.  We  have  here  as  well  as 
there  only  an  arbitrary  provisional  horizon  for  its  base,  and  we 
are  if  possible  still  more  uncertain  where  to  assign  its  summit. 
The  paleontological  doctors  disagree,  and  who  therefore  shall 
decide  ?  It  all  hinges  upon  the  question  whether  the  Jurassic 
system  has  any  representatives  in  this  region.  If  not,  then  the 
summit  of  the  Trias  can  be  established  at  once.  But  if  the 
upper  portion  of  the  enormous  series  of  sandstones  and 
gypsum  beds  which  lies  between  the  Shinarump  conglomerate 
and  the  lower  Cretaceous  sandstone  is  Jurassic,  the  problem 
must  wait  for  a  solution."* 

Of  the  Zuni  section  of  the  Triassic  system  it  may  be  that 
only  the  lower  portion  is  represented  east  of  the  Rio  Grande. 
The  upper  part  of  this  section  has  been  regarded  as  belonging 
to  the  Jurassic  age;  but  until  fuller  data  are  obtained  it  does 
not  appear  advisable  to  recognize  the  Jurassic  system  in  this 
part  of  the  country.  For  the  present,  at  least,  all  of  this  part 
of  the  sequence  will  be  considered  as  a  portion  of  the  Triassic 
succession. 

New  Mexico  School  of  Mines, 
Socorro,  New  Mexico. 

*U.  S.  Geol.  Sur.,  6th  Ann.  Kept.,  p.  185,  1886. 
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Art.  XLIV. — Strticture  of  the  Upper  Cretaceous  Turtles  of 
New  Jersey  ;*  Agomphus  ;  by  G.  R.  Wieland. 

The  genus  Agomphus  was  first  proposed  by  Cope  for  the 
reception  of  Leidy's  Emys  Jirmus  and  Adocus  petrosus  and 
Adocus  turgidus^f  all  of  which  are  based  on  very  fragmentary 
and  scanty  remains  from  the  Upper  Cretaceous  marl  beds  of  New 
Jersey,  indicating  a  genus  of  neavy  shelled  turtles  next  related 
to  A docus.  Two  of  tliese  original  types,  A .  petrosus  and  ^ .  tur- 
gidusj  are  now  conserved  in  the  Cope  Collections  in  the  Amer- 
ican Museum  of  Natural  History,  where  the  writer  has  been 
extended  the  courtesy  of  seeing  them,  together  with  the  allied 
Adocus  pectoralis  Cope.  An  additional  type  from  the 
Tertiary  of  Georgia,  Amphiemys  oxysternum^X  is  no  doubt 
correctly  referred  to  Agomphus^  but  has  not  been  accessible. 
Since  the  brief  descriptions  unaccompanied  by  figures  were 
given  by  Cope,  the  only  addition  to  the  very  meager  knowledge 
of  Agornphus  was  made  by  Baur,§  who  briefly  noted  in  addi- 
tion to  the  close  relationship  to  Adocus  and  inclusion  in  the 
Adocidae  as  next  related  to  the  existing  Central  American 
Dermatemydidae,  the  peculiar  costiform  processes  and  the 
interesting  fact  that  Agomphus  includes  forms  with  relatively 
the  heaviest  carapace  and  plastron  known.  These  latter  facts 
were  doubtless  based  on  the  specimens  of  the  Marsh  Collec- 
tion obtained  about  the  same  time  as  the  Leidy  and  Cope 
material,  but  never  formally  described  or  further  mentioned 
although  now  found  to  make  possible  a  complete  description 
of  the  structure  of  the  carapace  and  plastron,  and  to  include 
at  least  two  new  species  and  a  topotype  as  follows : 

Agomphus  tardus  Wieland  (sp.  nov.).     (Figures  1-7.) 

By  far  the  best  specimen  of  the  Marsh  collection  referable  to 
the  genus  Agomphus  is  that  numbered  774  (Accession  No.  323), 
and  now  made  tue  type  of  the  new  species  A.  tardus.  This 
fine  fossil  was  obtained  from  the  Pemberton  marl  pits  at  Bir- 
mingham, Burlington  County,  New  Jersey,  in  1869.  It  is  of 
especial  interest  as  affording  the  structural  characters  of  the 

*  The  first  paper  of  this  series,  on  >lc?ocu«,  OsteopygiSy  and  Propleura, 
appeared  in  this  Jonmal,  vol.  xvii  (pp.  112-132,  pi.  I  IX),  Feb.  1904,  and 
the  second  on  Lytoloma,  in  vol.  xviii  (pp.  183-196,  pi.  V-VIII),  Sept.,  1904. 

f  The  description  of  these  forms  under  the  generic  name  Emys  appears  on 
pages  125-8  of  Cope's  Synopsis  of  the  Extinct  Batrachia,  Keptilia  and  Aves 
of  North  America.    Philadelphia,  August,  1869. — Agomphus  in  Snppl't,  1871. 

i  On  a  New  Species  of  Adocidre  from  the  Tertiary  of  Georgia ;  by  E.  D. 
Cope.     Proc.  American  Phil.  Soc,  vol.  xvii,  July,  1877,  pp.  82-4. 

^  Notes  on  some  little  known  American  Tortoises  (on  pp.  429  and  430), 
Proc.  Acad,  of  Natural  Sciences,  Philadelphia,  1891  (pp.  411-430). 
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shell  of  another  genus  of  a  well  represented  Upper  Cretaceous 
to  Tertiary  family,  the  Adocidre,  and  as  being  relatively  the 
heaviest  and  most  massive  turtle  shell  yet  discovered.  Although 
originally  a  perfect  fossil  with  eutnrally  united  carapace  and 
plastron,  only  thirteen  complete  and  tive  incomplete  elements  of 
the  carapace,  together  witii  the  hyo-  and  hy  poplastron,  have 
escaped  the  accidents  of  discovery  and  collection.  Of  the  imper- 
fect parts  but  four  are  diagnostic  as  to  form,  whence  tlie  recov- 
ered elements  that  are  wholly  determinative  virtually  number 


Figure  1. — Auomphm  tardus  Wielaiid  (sp.  nov.).  Campace  and  ploBtron 
of  type  apecimen*  with  tbe  miBsing  portionH  restored  in  the  estimated 
natnral  size  and  position.  Actii%l  ten^h  of  carapace  SA'".  Elements  present 
indicated  in  the  sacce^ing  Bgarei  2^. 

but  nineteen,  or  exactly  one-third  of  the  original  fifty-seven 
elements  of  which  the  carapace  and  plastron  was  composed. 
These  recovered  elements  of  grayisli  to  dark,  marl  green  color, 
are  however  perfectly  fossilized,  uncrnshed,  disarticulated,  and 
without  erumblingor  breaking  of  the sntural  faces.  Moreover 
they  are  by  a  rare  and  noteworthy  chance  so  distributed  as  to 
clearly  outline  the  missing  elements  and  make  possible  a  res- 
toration by  the  Musenm  preparateur,  Mr.  Gibb,and  tlie  writer, 
which  it  is  confidently  believed  by  both  will  be  found  essen- 
*  Elements  present :  nnchal  (incomptete),  2d  and  5th  nenralB,  left  Ist  and 
2d  pleni^B.  lighl  4t1i  and  5th  pleurals  (incompletp),  right  6th  and  Ttb 
pleurals,  left  M  marginal,  left  5th  and  ttth  mai^inaU  (incomplete),  left  10th 
and  11th  marginals,  right  8th-llth  marginals,  the  left  hyo-  and  tbe  right 
bfpoplaatroD. 
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tially  correct  as  to  form  and  size  wlienever  a  complete  indi- 
vidual of  this  species  is  fortunately  discovered.  A  side  view 
of  the  regtoration  is  sliown  in  figure  1,  this  being  perhaps  the 
best  view;  for  it  was  not  found  possible  to  bring  all  tlie  ele- 
ments into  an  absolutely  syinraetrical  position,  although  they 
are  virtually  so  indicated  iu  the  supplementary  drawings, 
figures  2-6. 


Ficntc  ^. — Aaoatpkut  tantmt.  Left  latrial  view  of  the  rarapace  of  the 
type  with  elemenie  pivtvnt  stippled  (ezeept  ttth  mar^tuUt.  /-  Vltl  and  I-ll, 
lh«  mq>«;tiTe  pleanlia  and  mar^DSlM  ;  ',  epiplaBtrun  :  K.  hTt^lastron  :  hp, 
hrpoplasUon  :  jr.  xiptiipLutroii.     |Acliial  lei^|th  of  specimen  tO™.] 


Fkckk  3. — Afomi*m*  turriii*.    Ki^ht  lateral  riri 
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As  clearly  shown  in  the  figures,  A.  iardua  was  of  robust 
oval  form  with  marked  depth  over  the  iDguinal  region,  and  a 
distinct  flanging  of  the  nuchal  region  which  gives  the  carapace 
a  very  symmetrical  to  ornate  appearance.  The  rib  capitulte 
are  diminutive.  The  medinm-sized  and  heavy  plastron  with- 
out fontanelles  is  strongly  interlocked  by  suture  with  the  mar- 
ginals, and  the  axillary  buttress  extends  forward  to  the  3d,  the 
mguinal  buttress,  back    to  the  8th  marginal,  as  in   Adocua. 


FinuRE  4. — Agomphua  tardus.  Doraftl  view  of  the  carapace.  Drawn  from 
the  type  with  parts  actuall]'  preseot  stippled.  N,  nncbal ;  MI,  1st  marginal. 
J-7  and  9,  the  nenralia  ;  P,  pf  gal ;  PSl,  pygal  marginal ;  I-VIII,  the  respec- 
tive  pleiu^a. 

The  moat  curious  single  feature  is  the  complete  perforation  of 
the  first  marginals  by  the  costiforni  processes  of  the  nuchal. 
(Of.  figure  6.)  The  outlines  of  the  transverse  sections  of  the 
several  elements  as  shown  in  the  supplementary  figures  6  and 
7,  in  connection  with  the  measurements  may  render  more 
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detailed  description  of  the  form  of  the  individual  elements 
unnecessarj.  These  figures  show  in  particular  the  enormous 
thickness  of  the  elements  of  the  plastron,  which  is  especially 
heavy  near  to  the  hypo-xiphiplastra!  suture.  There  was,  how- 
ever, no  trace  of  fusion  with  the  pubes.  The  hornshields 
are  for  the  greater  part  indicated  by  narrow  sulci  not  accen- 
tuated in  tlie  nnelial  region  as  in  Adocua,  with    the  inner 


FiGDHE  5. — AgomphuK  tanlut.  Plaatral  view  drawn  from  the  type.  P, 
pectoral,  F,  ventral,  F,  femoral,  and  A,  anal  homsbielde  ;  sii,  entoplastron. 
Other  letters  and  numbere  aa  in  figares  2  and  8. 

borders  of  the  marginalia,  as  is  especially  to  be  noted,  not 
traversing  the  pleuralia  as  in  that  genus,  but  continuing  below 
the  pleuro-marginal  sutures  all  round  the  carapace  from  the 
nuchal  to  the  pygal  region. 

Specif  lielattonshipa. — The  forms  with  vhicU  Agomphua 
tardus  is  to  be  compared  are  (1)  A.  {Emya)  Jvrmus  (Leidy), 
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(2)  A.  petrosus  Cope,  (3)  A.  turgidus  Cope,  (4)  A.  {Amphiemys) 
oxystemuin  Cope,  and  (5)  Adoous  {Pleurostemmn)  pectoralis 
Cope, — all  of  which  are  either  slightly  or  not  illustrated  and 
difficultly  accessible  or  little  known  types,  based  on  fragmen- 
tary materials  of  barely  diagnostic  value  beyond  family  or 
generic  limits.  It  appears,  however,  that  in  comparison 
with  Agoinpltus  tardus  (sp.  nov.),  A,  {Emys)  firmus  was  a 
larger  form  with  a  shell  relatively  but  not  nearly  so  extremely 
lieavy  ;  that  A.  turgidus  Cope  (as  further  described  from  the 
Marsh  Cotype  No.  900),  is  a  small  turtle  of  abont  the  same 
size  as  A.  tardus  with  minor  differences  of  form  and  horn- 
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Figure  6. — Agomphus  tardus  (type).  x%.  Ontlines  of  the  anterior 
sntnral  faces  or  transverse  sections  of  the  Ist,  2d,  8th,  10th,  11th  and  pygal 
marginals. — C,  pit  in  anterior  face  of  the  right  1st  marginal  for  the  recep- 
tion of  the  costiform  process  of  the  nuchal,  which  entirely  perforates  this 
marginal  ;  S,  sntnral  face  for  anion  of  8th  marginal  with  the  hypoplastron. 

shield  boundaries  and  far  less  robust  plastron  ;  that  A.  petrosus 
Cope  had  a  steeper,  less  flanged  or  shovel-shaped  nuchal  region, 
with  the  homshield  sulci  nearer  the  marginal  border,  and  the 
plastron  lighter;  thht  Adocus  {Pletirosternum) pecto?*alts  Imd 
a  much  less  massive  plastron  and  narrower  bridge  than  A. 
tardus  /  and  that  finally  A.  {Amphwmys)  oxysternuin  from 
the  Tertiary  of  Georgia  is  a  fairly  distinct  species  from  all  of 
the  foregoing  Cretaceous  Agomphids. 
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Measurements  of  Agotnphus  tardus  Type. 
(Yale  Museum  Specimen  No.  774.     Skeletal  elements  uncrushed.) 


The  Carapace. 


cm 


Length  on  straight  line 33* 

Length  over  curvature 43*5  ± 

Width  (greatest,  or  over  4th  neural) 23*   ± 

Distance  over  curvature  (greatest) 38*  ± 

Projection  beyond  front  end  of  plastron 1'5 

Projection  beyond  anal  end  of  plastron 7* 


[Thickness  of  nnchal  (anterior),  r3*^"  ;  (posterior),  7"™  ;  of  the 
2d  neural  1-4''"  ;  of  the  6th  neural  1-5*=".  With  the  exception  of 
the  distal  extremity  of  the  second  pleural,  which  reaches  the  great 
thickness  of  2*2^"^,  the  pleurals  are  of  much  the  same  development 
throughout,  their  thickness  being  quite  nearly  indicated  by  that 
of  the  marginals  given  in  transverse  section.] 


Bony  Plates  of  Carapace. 

Length  on  marginal 
border  of 
carapace. 

Nuchal 5-2 

1st  marginal 4* 


2d 
3d 
4th 

5  th 

6  th 
7th 
8th 
9th 

10  th 
11th 


4-2 

8  8 
3-8 
4- 
4- 


Middle  length  from 

marginal  border  of 

carapace  to  pleurals. 

5-3 
43 
4-6 


3-8 
4-2 


Marginalo'pygal 4* 

Length 
(Antero-posterior). 

Nuchal 5-2 

1st  neural 

2d 

3d 

4th 

5th 

6  th 

7th 

8th 

9th 

Pygai 


« 


(absent) 
(3-) 


5- 
4-5 

4- 
3- 

Greatest  width 
(lateral). 

7-3 
3-5 


3-6 


(absent) 


(Lateral  length  1st,  2d,  and  7th  pleurals  9-5<^"»,  12<^",  and  8*7^°* 
respectively.) 
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Thk  Plastron, 

Grefttest  length  on  Greatest 

medium  line.  width. 

Epiplastron 

Entoplaatron 4-3  4*5 

HyoplastroD 6'0  10- 

Hypoplastron 8-2  S-.l 

Xiphiplastron 7-  ±  3-3 

(Greatest  thicknesB  of  the  hyoplastron  measnred  on  interior 
border  3'7™,  of  the  hypoplastron  3'1™,  Least  width  of  hyo- 
plastron measiired  across  axillary  border  S-6"°,  of  the  hypoplas- 
tron  across  the  femoral  border  5"", — whence  least  width  of 
bridge,  10-fl™.) 


FlOUBE  7. — Agomj^na  tardus  (type),  x  Vi-  Ontline  of  BDtnral  faces  (or 
transverse  sections)  of  tbe  hyoplnstron,  tbe  bjpoplastron.  and  tbe  0th  mar- 
ginal, h.  A,  posterior  and  internal  antnral  face  of  bypoplaetron  ;  hp,  inter- 
nal sntnTsl  face  of  hfpoplastron,  wbicb  placed  tandem  to  h  jileldBthe  median 
trausTerse  section  of  the  plaatron,  exclnsive  of  the  epi-,  the  ento-  and  ziphi- 
plnatroD  ;  5,  anterior  face,  5th  marginal.  The  arrows  orient  to  tbe  vertical 
and  median  lines, 

Agomphug  mancidinua  Wieland  (sp.  nov.) — (Figure  8). 

The  beautifully  fossilized  plastron  accompanied  by  varions 

marginftls,  a  nuclial   and  fragmentary  pleurals  of   a  smaller 

turtle  than  the  preceding,  received  at  the  Yale  Museum  from 

the  West  Jersey   Marl  Cc'e  pits,  at  Bameboro,  Gloaceeter 
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Comity,  New  Jersey,  in  April,  1872,  and  numbered  fi71  in  the 
Marsh  Collection,  is  here  made  tiie  type  of  the  new  B|)ecies 
Af/omphurS  magcvlinus.   This  specimen  imdonbtedly  pertains  Ui 


Figure  8. — Aaomphus  mmculinus  Wieluud  (sp.  uov.).  The  plastron  of 
the  type  specimen  (No.  671,  Uflrsh  Collention),  oqnsiitiUR  in  the  enti}- 
plastrou,  hyDpl;iatra,  hypoplaatra  And  right  liphiplaatron  complete  (witb 
the  misHing  epiplastrs  aiid  left  xiphiplastrun  restored),      x  -fj. 

(1)  Bone  plates. — ep,  epiplastion  ;  en,  eutoplastTon  ;  hy,  byoplastron  ;  hp, 
hypoplastrun  ;  x,  xiphiplaetron. 

(2)  HorDBhields. — ft,  hnmeral  (in  pftrt);  p.  pectoral ;  r,  ventral ;  /,  femo- 
ral ;  a,  anal ;  it,  liifrsmM^liial  region  (above  which  the  aiillary  inframar- 
glnal  appears  oompletelj  ontlined) ;  6,  7,  inner  borders  of  the  6th  and  7tb 
marginal  ahielda. 
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an  originally  complete  fossil  shell,T3ut  the  several  parts  secured, 
although  as  numerous  as  in  the  preceding  fossil,  scarcely  have 
the  fortunate  situation  making  possible  a  similar  restoration. 

The  elements  are  all  matrix-free,  uncrushed  and  disarticu- 
lated, with  the  sutural  faces  all  clearly  outlined  (save  a  small 
outer  border  portion  of  the  left  side  of  the  plastron).  Also  the 
narrow  to  line-like  hornshield  sulci  are  all  distinct  in  every 
instance.  Unfortunately,  but  a  single  example  of  the  present 
species  is  known  with  certainty. 

The  plastral  features  of  A.  mascuUnua  as  shown  in  figure 
8  are  more  nearly  similar  to  those  of  A.  tardus  than  to  those 
of  any  other  known  Agomphid.  Specific  identity  is  however 
clearly  indicated  by  the  slightly  less  robust  form  with  rela- 
tively larger  hypoplastra  and  ventral  hornshields,  and  an  ento- 
plastron  of  sub-rhombic  instead  of  sub-isosceles  outline. 

It  is  further  to  be  observed  that  the  doubly  sigmoid  antero- 
posterior curvature  of  the  plastron  is  greater  than  in  any 
other  known  species  of  Agomphus,  Although  this  feature 
does  not  clearly  appear  in  the  photographic  figure  8,  it  is  so 
strongly  accentuated  in  the  fossil  itself  as  to  suggest  that  it  is 
an  individual  peculiarity  denoting  an  old  male  turtle,  or  per- 
haps better  tortoise,  whence  the  specific  name. 

In  addition  a  new  specific  character  is  exhibited  by  the  com- 
plete nuchal,  and  the  third,  eighth  and  tenth  marginals  accom- 
panying the  present  plastron.  These  show  that  the  marginal 
nomshields  anterior  to  the  eleventh  did  not  overlap  the  pleuro- 
marginal  sutures,  and  that  the  eleventh  and  twelfth  did  do  so. 
As  this  peculiarity  is  not  present  in  either  A,  txirgidus  or  A. 
tardus^  it  in  a  sense  unites  Agomphus  with  Adocus  since  in 
AdociLs  pxi^nctatus  at  least,  a  similar  hornshield  overlap  begins 
with  the  fifth  marginal  hornshield. 

(a)    Measurements   of  the   Plastron  of  Agomphus  masculinus 

Type. 

Extreme  length 17    *^™ 

Extreme  width 13 

Length  of  bridge  suture 10 

Distance  between  the  axillar  and  femoral  borders  7*9 

Length  of  the  hyo-hypoplastral  suture b'b 

Length  of  inner  byoplastral  isuture 4* 

Length  of  inner  hypoplastral  suture 3*5 

Length  of  inner  xiphiplastral  suture 4*5 

Lateral  width  of  entoplastron 3*6 

Antero-posterior  length  entoplastron 3*4 

Greatest  thickness  entoplastron 1*5 

Greatest  thickness  hyoplastron 1'8 

Greatest  thickness  hypoplastron 1"8 

Greatest  thickness  xiphiplastron 1*6 
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Specimetis  775  and  776* — (Figure  9). 

The  characters  of  the  plastron  in  the  genus  Agomphus  are 
shown  in  still  further  specific  detail  by  the  complementary 
specimens  775  and  776  of  the  Marsh  Collection,  as  represented 
in  the  retouched  photographic  figure  9.  These  two  specimens, 
the  parts  of  which  are  enumerated  in  the  legend  of  figure  9,  do 
not  necessarily  pertain  to  the  same  species.  In  fact  specimen 
776  indicates  a  turtle  witli  a  slightly  heavier  plastron  and 
broader  bridge  than  775,  although  quite  similar  in  all  other 
comparable  respects. 

Specimen  776  probably  belongs  to  A,  {Emys)  turgidiiSj 
although  we  note  that  it  may  percnance  be  separated  from  this 
form  by  the  different  outline  of  the  humeral  homshields,  and 
from  Adocus  (or  Agomphus)  pectoralis  by  the  relatively 
larger  plastral  bridge.  The  bones,  while  unusually  robust,  do 
not  reach  the  great  thickness  seen  in  both  A,  tardus  and  A, 
mascidinus. 

It  is  furthermore  to  be  observed  that  specimen  775  is  dis- 
tinguislied  from  both  the  species  just  named  as  well  as  from 
all  other  Adocidse  so  far  as  known,  by  the  series  of  accessory 
parallel  growth  lines  of  both  the  anterior  and  posterior  sulci  of 
the  femoral  homshields.  This  peculiarity,  as  distinctly  shown 
in  figure  9,  recalls  tlie  obverse  condition  of  change  from  deep 
sulci  in  the  nuchal  region  to  narrow  line-like  sulci  on  all  the 
rest  of  the  carapace  seen  in  Adocus  punctatvs.  An  imper- 
fect accompanying  hyoplastron  however  suggests  proportions 
similar  to  those  of  Adocus  {Pleurosiernum\  pectoi*alis^  which 
we  are  fairly  satisfied  is  an  Agomphus.  Were  specimen  775 
assigned  to  a  new  species,  no  one  could  say  nay  on  the  basis  of 
the  material  now  known,  but  to  do  so  could  only  be  defended, 
were  no  further  examples  likely  to  be  yielded  by  the  New 
Jersey  Cretaceous. 

While  it  is  not  therefore  convenient  to  assign  these  specimens 
to  any  of  the  half  dozen  known  tvpes,  and  much  less  so  to  pro- 
pose a  new  species  for  No.  775,  it  is  held  that  whoever  is  for- 
tunate enough  to  discover  additional  new  specimens  illustrating 
the  doubtful  points  involved,  will  first  be  entitled  to  determine 
these  specific  values.  For  the  present  it  is  therefore  only 
attempted  so  far  as  fairly  practicable  to  make  accessible  the 
features  of  Agomphid  structure.  Nor  do  we  consider  that  on 
last  analysis  there  is  any  essential  difference  between  this 
structural  study  and  the  more  purely  taxonomic  point  of  view. 

*  No.  775  is  from  the  Cream  Ridge  Marl  Co.'s  pits,  Homerstown,  Mon- 
mouth Co.,  New  Jersey.  It  was  received  at  the  Yale  Mnsenm  in  April,  1871. 
No.  776  is  donbtlesB  from  the  same  locality,  but  there  is  a  discrepancy  in  the 
Museum  record,  so  that  it  is  not  positively  known  where  this  fossil  is  from. 
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FiQUBE  0. — Atjoiiiphut.  Two  com  piemen  tary  Bpecimeim  iHnstrating  plas- 
tral  Htructnre.  No.  7T0,  couBiHtiiig  in  the  hyojilastni  nod  eplplaatron,  may 
be  doubtfully  referred  to  A.  tuitjiiliia.  No.  T7S,  conBlBtinn  in  the  hypoplas- 
tra  and  xipfaiplaatroij,  is  of  mon>  nncertain  ti[ieci&c  reference.  Both  the 
apecimena  are  ihuwn  eiactlj^  I  natural  iiise. 

(1)  Bone  plates. — rji,  KpiplastTon  ;  en,  entoplaatron  ;  hy,  b.Toplaetron  ; 
hp,  bjpopleeiron  ;  (xipbl plastron  not  lettered). 

(2)  Homahielda. — h,  hnmeral  (iu  part) ;  p,  pectoral ;  c.  ventral  ;  /,  femo- 
ral ;  ai,  aiUtary'-Ki,  sub-axillaiy — nti,  meiial — and  it,  ingniual  infrauiar- 
ginalia ;  (anal  hornHhield  not  lettered). 
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Agomphus  turgidus  (Cotype). 

It  18  of  interest  to  further  note  that  the  specimen  (number 
900)  from  the  Cream  Ridge  Marl  Co.'s  pits  Hornerstown, 
Monmouth  Co.,  New  Jersey,  received  at  the  Yale  Museum  in 
1869,  is  clearly  a  second  specimen  of  A.  turgidus  Cope,  from 
the  same  locality  as  the  type,  and  exhibiting  various  further 
structural  features.  Indeed  here  is  still  another  instance  in 
which  more  elements  are  present  than  in  the  above  described 
A.  tardus^  although  without  the  fortunate  distribution  per- 
mitting a  restoration  as  in  that  specimen.  These  portions  are : 
the  entoplastron  and  both  hyoplastra  (that  of  the  left  side 
articulating  with  the  nearly  complete  3d  raarffiual),  the  right 
5tli-lltb  marginals  (the  6th  and  7th  having  the  superior  and 
inferior  borders  broken  away),  the  pygal  marginal  and  tlie 
lower  halves  of  the  left  4th,  6th  and  7th  marginalia;  also  the 
second,  a  6th  or  7th  neural,  and  the  third  and  fourth  ueuralia 
complete  with  the  proximal  ends  of  the  left  3d-5th  and  the 
right  4th  pleuralia  attached. 

The  specific  characters  of  A.  turgidus  have  already  been 
commented  on  indirectly,  so  that  further  description  of  the 
present  specimen  which  has  been  of  much  use  in  determining 
the  preceding  new  species,  is  scarcely  required.  The  original 
fossil  shell  was  doubtless  complete,  and  had  but  a  few  more 
fortunately  situated  elements  been  recovered  a  restoration 
could  be  made. 

A.  turgidus  did  not  have  as  massive  a  shell  as  A.  tardus^ 
but  presents  all  the  characteristic  generic  features  distinguish- 
ing Agomphus  from  Adocus ;  in  particular  the  heavy  shell, 
the  sharp  to  acuminate  rather  than  rounded  xiphiplastral  end 
of  the  plastron,  and  the  marginalo-costal  suture  resting  on  the 
marginals,  instead  of  rising  up  onto  the  pleuralia  beyond  tlie 
third  marginal  hornshield. 

Synopsis  of  the  Characters  of  Agomphus. 

The  description  of  the  foregoing  new  species  of  Agaitiphus^ 
A.  tardus  and  A.  Tnascidinus^  and  of  the  plastra  of  more  or 
less  doubtful  specific  identity  numbered  775  and  776  in  the 
Marsh  collections,  together  with  a  topotype  of  ^4.  turgidus, 
finally  acquaints  ns  with  the  shell  structure  of  this  interesting 
Upper  Cretaceous  genus  as  follows  : 

Carapace. — Medium  sized  to  small,  of  elliptical  outline, 
considerable  depth,  and  with  thicker  walls  in  some  species 
than  in  any  other  known  Testudinates.  Composed  of  49  bony 
plates  (one  more  or  less,  depending  on  the  presence  or  absence 
of  7th  and  8th  neurals),  and  without  fontanelles.  Hornshield 
sulci  small  and  line-like  to  indistinct. 
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(a)  Bony  plates  : — Marginals,  11  pairs,  very  heavy;  nuchal, 
large,  of  sub-pentagonal  outline,  without  a  nether  process,  but 
with  costiform  processes  sometimes  perforating  the  entire  1st 
marginals  {A,  tardus) ;  neural  series  with  but  seven  or  eight 
members — the  9th  or  post  neural  being  present  with  suppres- 
sion of  the  7th,  or  both  7th  and  8th ;  pygal  single  as  in 
Adocus  ;  pleuralia  very  heavy  with  medium  to  slight  develop- 
ment of  the  rib  capitulae. 

(J)  Hornshields. — A  medium-sized  nuchal  and  twelve  pairs 
of  marginals  with  the  inner  or  marginalo-costal  suture  not 
rising  onto  the  pleurals,  as  in  Adocus^  but  traversing  the 
marginal  plates  throughout  (except  in  the  single  species  A, 
rrmsculinv^^  where  the  penult  and  final  or  pygal  shields  respec- 
tively overlap  the  8th  pleural  and  pygal  plate. 

Plastran, — Of  medium  size,  without  fontanelles  and  very 
heavy  with  the  strong  bridge  suture  extending  from  the  pos- 
terior end  of  the  3d  to  the  anterior  end  of  the  8th  marginal. 
Entoplastron  large,  of  sub-isosceles  triangular  to  rhombic  out- 
line. Epiplastral  border  rounded ;  anal  region  acuminate  in 
every  known  species — not  rounded  as  in  Adocus. 

Agomphus  is  held  to  be  distinct  from  the  earlier  proposed 
genus  Adocus  mainly  because  of  the  position  of  the  marginalo- 
costal  suture  on  the  marginals,  the  very  characteristic  form  of 
the  plastron,  and  the  enormous  thickness  of  shell.  Although 
some  of  the  imperfectly  known  species  may  prove  to  intervene 
and  bridge  these  gaps — not  large  when  taken  singly, — it 
appears  at  present  that  they  uniformly  separate  an  Agomphid 
series  of  closely  related,  mostly  small  turtles  ranging  from  the 
Upper  Cretaceous  into  the  Eocene.  Therefore,  as  both  Adocus 
and  Agomphus  are  numerous  in  species,  it  would  seem  to  be 
much  the  better  policy  to  retain  tlie  latter  genus  so  long  as  not 
definitely  proven  to  merge  into  the  former.  The  species 
respectively  assigned  to  these  two  closely  related  genera  of  the 
Adocidse  therefore  are : 

1.  Adociis  {Emys)  beattis  (Leidy)  Cope. 

2.  "  agilus  Cope. 

3.  "  pravus  (Leidy)  Cope. 

4.  "  syntheticus  Cope. 

5.  *'  punctatus  Marsh. 

6.  Agomphus  {Emys)  turgidus  (Leidy)  Cope. 
Y.  **  "       firmus  (Leidy)  Cope. 

8.  "  {Amphiemys)  oxystemum  (Cope)  Hay. 

9.  "  petrosus  Cope. 

10.  "  {Adocus)  pectoralis  (Cope)  Wieland. 

11.  "  tardus  Wieland. 

12.  *'  masculinus  Wieland. 
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From  this  numerous  assemblage  of  species  we  naturally 
come  to  ask  how  turtles  with  such  tliick  shells  as  the  Agom- 
phids,  the  more  naturally  ascribed  to  land  forms,  came  to  be 
so  intimately  associated  with  Osteopygis^  Lytoloma^  and  the 
various  other  semi-marine  to  marine  turtles  and  other  forms 
wliich  teem  in  all  the  Agoviphus  localities  in  the  Upper  Cre- 
taceous marl  beds  of  New  Jersey.  Being  mostly  small  turtles 
the  heavy  specialized  shells  would  mainly  serve  as  a  protection 
from  the  other  larger  and  more  powerful  reptiles,  which 
swarmed  along  and  into  the  bays  and  estuaries  of  the  New 
Jersey  Cretaceous  shore  line,  so  that  a  salt  water  littoral 
habitat  is  not  precluded.  But  while  no  specimens  of  the 
Marsh  or  other  collections  illustrating  limb  or  cranial  structure 
have  yet  been  referred  to  Agomphus^  it  would  seem  that  at 
least  some  of  the  species  of  the  genus  dwelt  back  from  the 
shore  line  along  the  streams,  on  the  more  or  less  sandy  river, 
ox-bow,  or  delta  banks,  and  doubtless  in  the  vast  numbers 
paralleling  the  Orinocan  Podociieviis^  the  easy  prey  of  the 
jaguar,  and  once  far  more  abundant  on  lower  nver  courses 
than  now.  From  such  locations  many  shells  might  be  carried 
forward  to  the  shore  front  in  flood  time  or  in  the  course  of 
estuarial  change.  Also,  if  congregating  in  any  considerable 
numbers  on  the  more  nearly  forest-free  river  banks,  or  on  dune 
slopes,  at  egg-laying  time,  many  individuals  might  then  be 
either  preyed  on  by  other  animals,  or  swept  shoreward.  It  is 
a  fact  of  some  slight  bearing  on  such  a  conjecture  that  while  the 
Adocidae  are  much  more  numerous  than  the  other  Testudinates 
of  the  marl  beds,  nearly  all  the  limb  bones  recovered  pertain 
to  the  semi-marine  to  marine  Osteopygid  and  Lytoloman  series. 
Moreover  the  abundance  of  tlie  fossils  of  the  marl  beds  is 

Erobably  not  generally  understood,  since  almost  no  specimens 
ave  been  secured  in  the  past  twenty-five  years.  Only  a  very 
few  per  cent  of  the  specimens  uncovered  in  the  marl  pits, 
when  excavation  was  actively  carried  on  thirty  years  ago,  ever 
made  their  way  into  the  museums ;  and  these  were  all  from 
restricted  areas,  although  these  fossils  were  for  the  greater 
part  abundant  everywhere  in  the  several  fossiliferous  horizons 
of  the  entire  New  Jersey  marl  belt. 

Yale  MuBetim,  New  Haven,  Conn. 
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Abt.  XLV. — The  Cavihro-Ordovician  Limestones  of  the  Mid- 
dh  Portion  of  the  VaUey  of  Virginia  ;  by  11.  D.  Campbell. 

Neither  the  Knox  dolomite  nor  the  Shenandoah  lime- 
stone, if  used  as  tlie  name  of  a  geologic  formation,  should  be 
made  to  inchide  all  of  the  Cambrian  and  Ordovieian  limestones 
of  the  Valley  of  Virginia  from  Tennessee  to  Maryland. 

M.  R.  Campbell*  makes  the  Shenandoah  limestone  of  south- 
west Virginia  comprise  not  only  the  Knox  dolomite  but  at  least 
1500  feet  of  Cambrian  strata  beneath  it.  He  also  describes 
two  formations  of  limestone  above  the  Shenandoah  and  recog- 
nizes 500  feet  of  subjacent  variegated  shale  and  impure  lime- 
stone. 

At  the  border  between  Tennessee  and  Virginiaf  he  makes 
the  Shenandoah  limestone  include  not  only  the  Knox  dolomite 
but  five  other  formations,  remarking  that  the  six  merge  into 
one  formation  which  prevails  along  the  eastern  side  of  the 
Appalachian  valley  at  least  as  far  as  Pennsylvania. 

It  is  not  the  purpose  of  this  article  to  discuss  the  correlation 
of  the  Knox  dolomite  and  the  Shenandoah  limestone,  which 
can  be  satisfactorily  accomplished  only  after  several  additional 
sections  across  the  valley  of  Virginia  have  been  described  in 
detail  and  the  fossils  from  fixed  horizons  have  been  com- 
pared. 

This  introduction  is  offered  as  an  explanation  for  using  the 
following  entirely  new  names  for  the  formations  recognizable 
in  the  limestones  of  the  portion  of  the  Appalachian  valley 
near  Lexington  and  the  Natural  Bridge.  Virginia. 

Section  of  the  Valley  Limestofies  near  Lexington^  Virginia, 

Period.  Name  of  formation.  Thickness  in  feet. 

r\  ^     '  '  S        Libertv  Hall  limestone  1000  ± 

Ordovician        |        MuraUimeetone        ■  10()->50 

Natural  Bridge  limestone       3500-1- 


Carabrian 


{ 


Buena  Vista  shale  600-900 

Sherwood  limestone  1600-1800 


Sherwood  limestone. — In  the  bluff  of  James  River  at  Sher- 
wood, Va.  and  for  more  than  twelve  miles  to  the  southwest,  the 
lower  part  of  this  formation  consists  of  several  hundred  feet 
of  white  crystalline  dolomite.  This  dolomite  is  overlaid  by 
heavy  beds  of  light  blue  and  gray  magnesian  limestone  witli 
occasional  beds  of  shale  and  shaly  limestone.  It  was  just 
beneath   or  at   the   very   base  of  the  Sherwood  limestone  that 

*  U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  Folio  No.  26,  1896. 
tlbid.,  Folio  No.  59. 

Ah.  Jour.  Sol— Fourth  Siribs,  Vol.  XX,  No.  120. — Deckmber,  1906. 
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C.  D.  Walcott*  fouud  Lower  Cambrian  fossils.  The  forma- 
tion is  superjacent  to  the  quartzites  and  shales  of  the  Balcony 
Falls  section. 

Buena  Vista  shale, — Bright  variegated  shale  is  conspicuous 
in  the  bluflEs  of  James  River  between  Sherwood  and  Buchanan, 
and  along  the  road  between  Sherwood  and  Natural  Bridge. 
Ked  bands  predominate,  but  green,  yellow,  and  brown  colors 
are  common.  Mottled  blue  limestone  beds  alternate  with  the 
shale  in  the  lower  part,  and  it  passes  by  a  succession  of  shale 
and  limestone  beds  into  the  superjacent  limestone.  In  this 
formation  C.  D.  Walcottf  found  a  ^tychoparia  closely  related 
to  species  from  the  Middle  Cambrian  beds  of  Tennessee.  The 
formation  is  from  600  to  900  feet  thick.  It  receives  its  name 
from  Buena  Vista,  Va.,  where  it  is  well  developed. 

Natural  Bridge  limestmie, — The  formation  consists  princi- 
pally of  heavy-bedded  gray  and  light  blue  magnesian  limestones 
with  thin  siliceous  laminae  as  a  conspicuous  feature,  especially 
upon  weathered  surfaces.  Beds  of  white  and  pinkish  dolomite 
occur  now  and  then.  Calcareous  sandstone  stmta  from  a  few 
inches  to  eight  feet  thick  are  occasionally  prominent.  Black 
chert  occurs  in  nodules  more  or  less  throughout  the  formation, 
but  heavy  beds  of  chert  are  usually  very  conspicuous  near  the 
top.  Specimens  of  Lingulepis  and  Obolus  were  discovered  by 
C.  D.  Walcott  in  this  formation  two  miles  below  Buffalo 
Mills  on  Buffalo  Creek  in  June  1898,  thus  establishing  by  fos- 
sils the  age  of  part  of  this  limestone  as  Cambrian.  Fossils 
from  300  or  400  feet  below  the  top  of  this  formation  make 
the  age  of  its  upper  beds  Beekmantown  (Calciferous).:}: 

On  account  of  the  difficulty  of  determining  the  geologic 
structure  in  this  section,  the  total  thickness  of  the  formation 
has  not  been  accurately  determined,  but  measurements  which 
were  made  in  a  continuous  series  where  there  was  no  indica- 
tion of  folding  or  faulting  indicate  a  thickness  of  over  8500 
feet.  The  Natural  Bridge  and  its  canyon  display  part  of  this 
limestone,  and  hence  the  name. 

Murat  limestone. — Superjacent  to  the  heavy  chert  beds  of 
the  Natural  Bridge  limestone  occurs  a  massive  gray  crystalline 
limestone  containing  bryozoa  and  other  fossils  in  abundance. 
About  125  feet  of  it  are  well  exposed  along  Buffalo  Creek  at 
Murat,  Va.,  whence  the  formation  takes  its  name.  Its  lower 
portion  often  contains  chert  nodules.  The  deep  red  clay  soil 
resulting  from  the  Murat  limestone  is  conspicuous  in  contrast 
with  the  gray  cherty  soil  from  the  top  of  the  Natural  Bridge 
formation. 

♦This  Jonrnal,  July  1892,  p.  53. 

t  Ibid.,  p.  52. 

X  R.  S.  Bassler,  Bull.  U.  S.  Geol.  Surv.  No.  243,  1905,  p.  315. 
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Liberty  Hall  limestone. — In  describing  a  section  through 
this  region  in  1879,  J.  L.  Campbell*  used  the  name  Lexington 
limestone  for  this  formation,  but  inasmuch  as  the  same  name 
is  given  to  certain  Silurian  rocks  in  Kentucky,t  it  has  been 
rechristened  Liberty  Hall  limestone  from  the  name  of  an  old 
liistoric  ruin  which  is  constructed  on  and  of  this  rock^  and 
which  lias  been  standing  for  more  than  a  century  and  is  as 
well  known  in  this  region  as  Lexington  itself. 

The  Liberty  Hall  limestone  is  usually  a  succession  of  rather 
evenly  banded  beds  of  fine-grained,  dark  blue  limestone  and 
darker,  more  argillaceous  limestone  which  weathers  shaly.  As 
we  ascend  into  the  formation  calcareous  shale  predominates 
and  limestone  beds  are  less  frequent.  In  this  region  the  forma- 
tion has  been  much  fractured  and  folded,  and  sometimes 
appears  massive  with  innumerable  veins  of  infiltration  of  cal- 
cite  filling  the  crevices.  Again  it  appears  shaly  after  long 
exposure  to  weather.  Brachiopods  and  trilobites  of  Mohawkian 
age  are  especially  abundant  in  the  lower  beds.  From  the  top 
of  the  Murat  through  the  limestone  and  calcareous  shale,  so 
long  as  it  carries  conspicuous  limestone  beds,  the  Liberty  Hall 
limestone  is  about  1000  feet  thick.  Then  follows  about  600 
feet  of  shale  and  slabby  sandstone  to  the  bottom  of  the  first 
bed  of  quartzite  above  the  Valley  limestones.  The  thick  beds 
of  shale  above  the  limestones,  both  northeast  and  southwest  of 
the  section  here  considered,  give  rise  to  another  problem  of 
correlation. 

Washington  and  Lee  University, 
Lexington,  Virginia,  October  31,  1905. 

♦This  Journal,  xviii,  1879,  p.  29. 

tU.  S.  Geol.  Surv.  Geol.  Atlas  of  U.  S.,  Folio  No.  46,  1898. 
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Abt.  XL VI. — Relations  of  Ions  and  Nuclei  in  Dust-free  Air] 

by  Carl  Basus. 

1.  In  the  following  table  I  shall  give  typical  results  of  the 
nucleation  computed  from  the  coronas  observed  in  a  glass  fog 
chamber,  in  the  presence  or  absence  of  external  radiation,  when 
the  saturated  dust- free  air  contained  is  suddenly  cooled  by  par- 
tial exhaustion  of  successively  increasing  magnitude.  The 
amount  of  exhaustion  (with  which  the  supersaturation  goes  in 
parallel)  may  be  conveniently  specified  in  terms  of  the  drop  in 
pressure,  S/?,  between  the  outside  and  the  inside  of  the  given 
moderately  efficient  fog-chamber.  Since  the  barometer  was 
nearly  normal,  the  corresponding  volume  increase,  etc.,  may  be 
readily  derived. 

Table  I. — Typical  results  of  the  ionized  and  colloidal  nucleation  of  dust-free 
air,  energized  (or  not)  by  weak  and  strong  radiation.  Fog  chamber  about 
50*"  long,  15^""  in  diameter;  walls  of  glass  3*"*  thick,  ends  l^™  thick- 
Piping  of  one  inch  gas  pipe.  Barometer  about  normal.  Z>,  distance 
between  walls  of  fog  chamber  and  anticathode  or  sealed  aluminum  tube 
with  weak  radium. 
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In  computing  the  (fleeting)  nucleation  one  is  left  in  doubt 
whether  the  nuclei  (ions)  are  restored  to  the  air  more  quicklj 
than  thcv  can  be  removed  bv  exhaustion;  or  whether  the 
reverse  is  true.  I  have  assumed  the  former  to  be  the  case  and 
call  this  nucleation  (number  per  cubic  cm. )  w.  If  the  nuclei 
are  removed  more  (juickly  than  they  are  reproduced,  it  will  be 
necessarv  to  multiply  n  by  the  corresponding  volume  increase, 
and  I  shall  call  this  value  N,     In  the  present  experimentsf  N 

*  Probably  reduced  by  the  presence  of  persistent  nnclei  in  small  nnmber. 
t  At  hi^li  values  of  (5;>  both  n  and  A'  become  untrustworthy  as  absolute 
values;  but  they  suffice  very  well  to  indicate  the  relations. 
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is  usually  much  larger  than  n.  In  the  cases  of  persistent 
nueleation  due  to  the  X-rays  or  other  causes,  N  is  obviously  to 
be  taken ;  but  here  from  the  low  values  of  hp  which  suffice  for 
condensation,  tlie  difference  is  not  so  important. 

2.  To  vary  the  intensity  of  radiation,  the  anti-cathode  of  the 
X-ray  tube  or  the  radium  tube  (of  thin  aluminum,  hermetically 
sealed,-  holding  10  mg.  of  weak  radium  — 10,000  X  —  within), 
.is  placed  at  a  distance,  i>,  from  the  outside  of  the  fog-chamber. 
This  was  a  horizontal  cylinder  of  glass,  50*™  long  and  IS*'"'  in 
diameter,  with  the  end  toward  the  bulb  1^""  thick  and  the  side 
wall  S*'"'  thick.  When  D  is  measured  from  the  end,  persistent 
nueleation  is  not  usually  producible*  because  of  the  thickness 
of  the  glass  to  be  penetrated.  When  I)  is  measured  from  the 
sides,  however,  persistent  nueleation  just  begins  at  2?  =  SO*'"* 
and  increases  at  a  rapidly  accelerated  rate  for  smaller  distances. 
Hence  the  ionization  corresponding  to  Z)  =  50*^"*  is  a  transi- 
tional value  at  which  fleeting  nuclei  or  ions  merge  into  persis- 
tent nuclei. 

3.  If  the  data  are  constructed  graphically,  it  appears  that  all 
the  curves  are  eventually  intersected  by  the  curve  for  dust- 
free  non-energized  air.  In  the  latter  we  may  recognize  a 
region  of  ions  (say  from  hp  =  21""  to  27""™)  and  a  region  of 
colloidal  nuclei  for  larger  values  of  hp\  but  the  whole  phe- 
nomenon is  continuous.  The  effect  of  radiation  as  seen  in  the 
other  curves  is  therefore  to  decrease  the  efficient  nueleation  of 

Table  II. — Persistent  (large)  nuclei  (^,  nnmber  per  cm')  produced  by  intense 
X-radiation,  in  dust-free  air.  cJp  =  IS*™,  being  decidedly  below  the  fog- 
14mit.  I)  measured  from  side,  of  glass  fog  chamber  (wall  'S'"  thick)  to 
anticathode.     Aluminum  screen  inserted. 


D^ 

12 

20 

30 

40 

50''°* 

Nx  10-'= 

140 

56 

10 

1 

1 

dust-free  air  more  noticeably  when  the  radiation  is  weaker  and 
the  supersaturation  higher.  These  results  may  be  tried  directly 
for  instance,  with  the  radium  tube  at  different  distances,  D;  for 
a  fixed  pressure  difference,  Bp.  Thus  at  8p  =  41  ^'^  the  nuelea- 
tion passes  through  a  minimum  at  7>  =  25*^™  when  D 
increases  from  0  to  50^™.  The  effect  of  radiation  is  then  virtu- 
ally an  aggregation  of  the  colloidal  nuclei  of  dust-free  air.  If 
the  effect  of  ionization  were  merely  to  mask  the  presence 
of  the  smaller  colloidal  nuclei,  the  same  effect  should  occur  at 
intense  ionization.  Ilere,  however,  nuclei  larger  as  well  as 
indefinitely  smaller  than  the  mean  ionic  gradation  are  produced 
like  the  latter  in  continually  greater  numbers  as  the  radia- 
tion  increases.     The   case   is   rather  one   in  which  relatively 

*  I  have  since  succeeded  in  producing  persistent  nueleation  through  thin 
tin  plate. 
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small  as  well  as  large  colloidal  air  nuclei  are  all  successively 
aggregated  into  larger  particles.  In  other  words,  as  the  radia- 
tion increases  the  whole  air  curve  is  bodily  shifted  more  and 
more  and  with  change  of  form  tx)  the  left  into  smaHer  super- 
saturations,  until  eventually  the  persistent  nuclei  due  to  X-rays 
actually  appear,  and  require  scarcely  any  snpersaturation  to 
condense  water  vapor. 

4.  Using  an  apparatus  with  a  larger  exhaust  cock  and  ex- 
haust pipes  and  therefore  more  rapid  exhaustion,  data  were 
obtained  of  which  the  following  table  contains  examples. 

Table  III. — Nacleation  of  dast-free  air,  energized  or  not.  New  apparatus, 
1^2*  stop  cock,  connections  of  inch  gas  pipe.  Bar.  76*23.  Walls  of  fog 
chamber  'S^"  thick.      Three  horizontal   partitions  of  wet  cloth  within 
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The  feature  uf  these  dat^  is  their  steadiness  in  the  lapse  of 
time.     The   curves   have   naturally    moved  bodilv  into  lower 


*  G'  B  P  corona  steadily  repeated,  but  not  quite  clear. 
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supersaturations  and  the  asymptotes  (or  maxima)  are  in  every 
case  reached  and  much  higher  in  value.  The  range  of  super- 
saturation  within  which  the  condensations  begin  and  are  nearly 
completed  is  reduced  so  that  the  curves  are  usually  steeper. 
In  case  of  the  new  curve  for  non-energized  air  (and  to  the 
same  extent  in  the  others)  the  relative  absence  of  nuclei  in  the 
region  of  ions  is  a  distinguishing  peculiarity.  Investigated  by 
the  coronal  methods,  the  curves  rise,  as  it  were,  abruptly  from 
the  abscissa,  and  there  is  a  rise  of  fog  limit. 


Fig.  1. — CbartH  for  Table  III,  showinpj  the  coronal  apertures  (angtilar 
diameter  being  s/80)  in  cases  of  different  supersatnration  (pressure  drop  on 
exhaustion  ^p)  in  cases  of  non-energized  dust-free  air,  and  of  dust-free  air 
energized  by  radium  and  the  X-rays  from  different  distances,  D,  The  dotted 
curve  correspimds  to  less  rapid  exhaustion  (Table  I).  Its  intersection  with 
the  corresponding  curve  drawn  in  full  should  be  noticed.  It  indicates  the 
presence  of  a  group  of  larger  nuclei  present  in  the  former  case  and  absent  in 
the  latter. 

5.  In  connection  with  the  present  data,  different  suggestions 
made  in  the  earlier  paper  and  diverging  from  the  more  usual 
explanations,  may  be  recalled :  The  effect  of  radiation  if  not 
too  strouff,  has  been  shown  to  be  virtually  an  aggregation 
of  the  colloidal  nuclei  of  dust-free  air.      It    seems   probable 
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that  tlie  ions  or  fleeting  naclei  are  sncli  loose  agfjregates 
built  lip  out  of  colloidal  nnclei.  because  evidence  pf  the  pres- 
ence of  colloidal  nuclei  absent  at  the  low  ionizations  (exposure 
to  weak  radiation)  is  manifest  at  the  high  ionizations  (exposure 
to  intense  radiation).  If  the  mdiation  is  very  strong  all  sizes 
are  represented,  showing  that  the  aggregates  are  virtually 
built  up  out  of  continually  smaller  colloidal  nuclei  probably 
closely  approaching  the  molecular  sizes,  while  at  tlie  same 


Flo.  3, — Charts  for  Table  III  sliowins  the  nnclpatiou  n  in  termb  of  the 
aaptTitatii ration  (preHnare  drop  ip),  for  dunt-free  tioii-euer);ized  air,  aud  for 
duBt-free  air  enei-gi/ed  by  nulium  ( 10,000  x ,  10  mg.)  from  difEorent  distances 
n.  The  dotted  cnrven  show  the  correBponding  cases  (Duat-free  kir.  A; 
Radinm,  R;  X'Tsyti,  A'.) fur  lens  rapid  ezhuniitioii  (Tabia  1).  The  Tortictu 
spaces  Tepresent  20,000  nuclei  each. 
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time  the  existing  nuclei  are  further  aggregated  into  larger 
systems. 

Within  the  fog-chamber  it  is  probable  that  the  radiations 
whether  undulatory  or  corpuscular,  is  at  any  point  the  same  in 
all  directions,  for  the  nuclei  in  any  given  case  are  largely 
produced  by  secondary  radiation. 

Hence  it  follows,  qualitatively  at  least,  that  the  inside  of  the 
fog-chamber  is  an  ideal  Lesage  medium.  One  may  argue, 
therefore,  that  a  corresponding  tendency  for  the  preexisting 
colloidal  nuclei  of  dust-free  air  to  aggregate  into  ions  or  larger 
bodies,  should  be  manifest.  Again  the  ions,  conditioned  by 
the  presence  of  radiation,  must  fall  apart  when  the  radiation  is 
withdrawn,  and  this  is  the  case.  One  may  infer  also  that  the 
nucleating  effect  produced  by  negative  corpuscles  would  be 
different  from  that  corresponding  to  the  positive  residuals. 

Let  the  kinetic  ionization  pressure  be  supposed  to  increase 
as  the  square  of  the  velocity  of  the  corpuscles  and  as  their 
density  of  distribution;  then  if  the  ionization  becomes  very 
intense  it  is  possible  that  the  pressure  becomes  strong  enougn 
to  produce  permanent  union  of  the  loose  aggregates,  or  that 
the  fleeting  nuclei  eventually  become  persistent,  as  is  the  case. 

If  the  ionized  field  is  intensely  produced  by  corpuscles  issu- 
ing from  within  the  body  itself,  as  for  instance,  in  combustion, 
or  ignition,  etc.,  one  may  expect  that  larsre  nuclei  as  well  as 
fleeting  nuclei  should  simultaneously  appear ;  or  that  nuclea- 
tion,  passing  through  a  transitional  stage  from  fleeting  to  per- 
sistent as  the  electrification  is  more  intense,  should  be  the 
invariable  concomitant  of  ionization.  It  is  probable  that  the 
expulsion  .of  corpuscles  takes  place  whenever  persistent  nuclei 
are  produced.  Thus  in  the  case  of  the  X-rays,  the  generation 
of  persistent  nuclei  occurs  at  an  accelerated  rate  with  time  for 
a  fixed  radiation.  If  the  radiation  is  cut  off,  nuclei  are  spon- 
taneously generated  (secondary  generation)  for  some  time  after. 

Arguments  to  the  same  effect  would  follow  for  light  pres- 
sure tor  wave  lengths  small  enough  to  be  easily  scattered. 
Thus  persistent  and  fleeting  nuclei  as  a  simple  continu- 
ous phenomenon  are  produced  by  the  X-rays  (Table  II),  in 
the  manner  identical  with  the  case  of  ultra-violet  light.  Simi- 
larly nuclei  grow  large  in  size  as  the  ignition,  the  potential 
differences,  etc.,  are  larger. 

Finally,  although  the  colloidal  nucleation  of  dust-free  air 
may  be  conceived  to  be  aggregated  both  by  undulatory  and  by 
corpuscular  pressure,  it  is  only  in  the  latter  case  that  the 
nuclei  can  be  influenced  bv  an  electric  field  because  the  cor- 
puscles  are  themselves  actuated.  This  distinction  in  fact  exists 
between  nuclei  otherwise  ([uite  identical  fleeting  or  persistent, 
but  produced  in  one  case  by  ultra-violet  light  and  in  the  other 
by  the  X-rays  or  the  action  of  radium. 

Brown  University,  Providence,  R.  I. 
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Art.  XL  VII. — Additional  Hotes  upo7i  the  Estimation  of  Cad- 
viiutn  hy  Means  of  the  Rotating  Cathode^  and  Summary  / 
by  Charles  P.  Flora. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — cxli.] 

I.    The  Behavior  of  Cadmium  Nitrate, 

Since  cadmium  is  not  readily  precipitated  by  the  electric 
current  from  solutions  containing  even  small  amounts  of  free 
nitrate  acid,  it  was  to  be  expected  that  cadmium  nitrate 
would  prove  to  be  little  fitted  for  estimation  by  electrolysis, 
since  the  action  of  the  current  would  produce  nitric  acid. 
This,  in  geneml,  was  the  result  of  my  experiments  upon  the  esti- 
mation oJF  cadmium  in  the  form  of  the  nitrate  upon  the  rotat- 
ing cathode.  The  deposits  obtained  from  solutions  containing 
sulphuric  acid,  the  phosphates,  pyrophosphates,  urea  or  formal- 
dehyde, were  satisfactory,  but  the  time  necessary  for  complete 
deposition  is  so  prolonged  that  these  solutions  are  compara- 
tively valueless  for  the  estimation  of  cadmium  taken  as  the 
nitrate,  since  it  would  be  easier  and  more  trustworthy  to  trans- 
form the  salt  to  the  sulphate  by  evaporation  with  sulphuric 
acid  before  electrolyzing.  WitJi  solutions  containing  acetic 
acid  the  metal  was  not  precipitated,  except  in  a  narrow  ring  at 
the  surface  of  the  liquid.  The  behavior  of  solutions  contain- 
ing formic  acid,  tartaric  acid,  acetaldehyde  and  formaldehyde 
was  similar,  but  less  pronounced.  The  only  solution  from  which 
1  was  able  to  obtain  satisfactory  results  in  the  estimation  of 
cadmium  nitrate  was  a  solution  containing  potassium  cyanide. 
This  solution  was  prepared  by  adding  to  the  solution  of  cad- 
mium nitrate,  which  had  been  standardized  by  the  precipitation 
and  ignition  of  the  carbonate,  the  desired  amount  of  sodium 
hydroxide,  and  then  redissolving  the  precipitated  hydroxide  in 
an  excess  of  potassium  cyanide.  The  time  needed  for  com- 
plete deposition  is  somewliat  longer  than  that  required  where 
the  chloride  and  sulphate  of  cadmium  were  taken,  but  the 
deposit  was  bright  and  very  satisfactory.  Care  must  be  used 
to  avoid  the  use  of  too  large  an  amount  of  potassium  cyanide. 
The  following  table  shows  the  results  obtained  : 


No.     Cd. 

KCN. 

NaOH. 

Cur't  = 

N.DIOO. 

E.M.F. 

Time. 

vol. 

Cd.  fd. 

Error. 

grrui. 

grm. 

prrm. 

amp. 

amp. 

vts. 

mill. 

cm'. 

grm. 

ifrm. 

1.    0  0920 

1-5 

0-6 

4-0 

12-0 

7-8 

45 

60 

0-0933 

-f  0-0013 

2.   0  0920 

1-0 

0-5 

;vo 

9  0 

7-6 

35 

60 

0-0924 

+  0-0004 

3.   0-1073 

0-7 

0-5 

2-5 

7-5 

7-7 

50 

60 

0-1072 

—  0-0001 

II.    The  Behavior  of  Solutions  eontaining  Free  Nitric  Acid. 

If  free  nitric  acid  be  added  to  a  solution  containing  a  salt  of 
cadmium,  the  precipitation  of  the  cadmium  by  the  electric  cur- 
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rent  will  be  retarded,  and  even  prevented  altogether  if  the 
nitric  acid  be  present  in  sufficient  amount.  Upon  this  behavior 
have  been  based  methods  for  the  separation  or  copper,  bismuth 
and  mercury  from  cadmium.*  Tests  were  made  by  me  to 
determine  the  amount  of  free  nitric  acid  necessary  to  prevent 
deposition  of  the  cadmium,  and  it  was  found  that  2*^°'*  of  nitric 
acid  of  1 : 4  dilution  in  SO'^"'"  of  solution  (approximately  1  per 
cent  of  free  acid)  will  absolutely  prevent  tlie  precipitation  of 
the  cadmium  upon  the  cathode  (current,  3  amperes  ;  E.M.F.,  7*5 
volts).  If  less  nitric  acid  was  used,  traces  of  cadmium  were 
deposited  upon  the  cathode. 

Summary  of  Results  obtained  in  the  Esti7nation  of  Cadmium,  by 

means  of  the  Rotating  Cathode. 

The  results  of  the  work  described  in  this  and  the  previous 
papers  upon  the  estimation  of  cadmium  by  means  of  the  rota- 
ting cathode  may  be  briefly  summarized  as  follows :  Under  the 
conditions  used,  cadmium  taken  in  the  form  of  the  sulphate 
may  be  very  accurately  and  satisfactorily  estimated  by  deposi- 
tion from  solutions  containing  sulphuric  acid,  sodium  acetate 
and  acetic  acid,  or  potassium  cyanide;  but  little  less  satis- 
factorily from  solutions  containing  urea,  formaldehyde  or 
acetaldehyde ;  and  also  with  proper  precautions,  from  solutions 
containing  pyrophosphates,  phosphates,  tartaric  acid  or  formic 
acid.  From  solutions  containing  oxalates  or  oxalic  acid, 
ammonium  tartrate,  or  potassium  formate,  however,  I  was 
unable  to  obtain  satisfactory  deposits.  Wlien  taken  as  the 
chloride,  cadmium  does  not  permit  such  a  wide  range  of  condi- 
tions. Nevertheless,  from  solutions  of  the  chloride  containing 
sulphuric  acid  or  potassium  cyanide,  or  the  pyrophosphates, 
the  metal  is  deposited  in  a  form  comparable  with  that  obtained 
when  cadmium  sulphate  is  taken.  Solutions  of  the  chloride 
of  cadmium  to  which  is  added  hydrogen  disodic  phosphate 
gave  less  desirable  results ;  while  solutions  containing  urea, 
formaldehyde  or  acetaldehyde  gave  deposits  free  from  spongi- 
ness  only  after  careful  regulation  of  the  conditions.  In  addition 
to  the  solutions  containing  the  oxalates,  oxalic  acid,  the  for- 
mates and  the  tartmtes,  negative  results  were  given  in  the  case 
of  the  chloride  by  solutions  containing  the  acetates,  formic 
acid,  and  tartaric  acid.  The  nitrate  of  cadniium  is  ill-iitted  for 
electrolytic  estimation,  the  cyanide  solution  being  the  only  one 
from  which  satisfactory  results  were  obtained.  From  solutions 
containing  one  per  cent  or  more  of  free  nitric  acid,  the  cadmium 
is  not  deposited  by  the  current. 

♦Edgar  F.  Smith,  Am.  Ch.  J.  ii,  42  (1880) :  Smith  and  Maver,  J.  Ch.  Soc, 
Ixiv,  11,  496  (1893);  Kammerer,  J.,  Am.  Ch.  Soc,  xxv,  94  (1903);  RQdorff, 
Z.  angw.  Ch.  (1894),  388. 
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Art.  XLVIII. — 2'he  Estimation  of  Cadmium  as  the  Oxide  ; 

by  Charles  P.  Flora. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — cxlii.] 

Cadmium  may  be  simply  and  accurately  estimated  by  con- 
verting the  carbonate  to  the  oxide  by  ignition.  The  oxide  of 
cadmium  may  be  subjected  to  very  intense  heat  without  loss 
from  volatilization ;  but  in  the  presence  of  any  carbonaceous 
matter  it  is  very  easily  reduced  to  the  metal,  which  is  quite 
volatile  at  high  temperatures.  Consequently,  this  method  has 
always  been  subject  to  more  or  less  change  of  error  where 
paper  filters  have  been  used.  The  usual  course  has  been  to 
wash  thoroughly  and  then  dry  the  precipitated  carbonate, 
which  is  then  removed  as  completely  as  possible  from  the 
filter:  the  latter  then  being  burned  separately.  Even  here 
there  has  always  been  a  very  appreciable  loss,  to  avoid  which 
various  more  or  less  complicated  modes  of  treatment  have  been 
offered.  As  a  type  of  these,  we  may  take  that  of  Max  Mus- 
pratt,*  who,  after  noting  that  high  results  were  given  by  the 
Ignition  of  the  nitrate  formed  by  dissolving  the  precipitated 
carbonate  in  nitric  acid  on  account  of  included  sulphate,  pro- 
ceeded as  follows :  The  precipitated  carbonate  was  washed  and 
dried,  and  as  completely  as  possible  scraped  free  from  the 
filter  paper,  and  then  converted  to  the  oxide  by  gentle  igni- 
tion. This  carbonate  was  entirely  free  from  sulphate.  The 
filter  paper  was  treated  with  nitric  acid  and  the  resulting  solu- 
tion and  rinsings  brought  into  a  large  porcelain  crucible  and 
evaporated  to  dryness.  The  dry  nitrate  was  gently  heated  and 
the  weight  of  the  oxide  obtained  added  to  that  oi  the  mass  of 
the  precipitate.  Even  after  this  tedious  procedure,  Muspratt 
is  obliged  to  suggest  that  the  results  will  be  more  satisfactory 
if  the  oxide  obtained  by  the  ignition  of  the  paper  and  the 
residues  upon  it  be  calculated  as  Cd^O  rather  than  UdO.  Evi- 
dently the  method  would  give  satisfactory  results  if  this  reduc- 
ing action  of  the  filter  could  be  avoided,  and  in  former  papers 
from  this  laboratory,!  it  has  been  shown  that  this  may  be 
accomplished  by  the  use  of  asbestos  filters  in  a  Gooch  crucible. 
There  is  then  no  danger  of  loss  from  reduction,  and  the  carbo- 
nate method  is  simplified  and  placed  among  the  good  analyti- 
cal methods.  Recently,  however.  Miller  and  PageJ  have 
found  that  "  the  carbonate  method  is  the  most  troublesome  and 
the  least  satisfactory ;"  but  these  investigators  did  not  use  the 
asbestos  filter. 

*  J.  Soc.  Ch.  Ind.;  xiii,  211  (1894). 

f  Browning,  this  Journal  (3),  xlvi,  280  (1893) ;  Browning  and  JoneB,  ibid. 
(4),  ii,  269(1896). 
X  Ch.  News.  Ixxxiv,  312  (1901). 
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The  work  of  the  writer  upon  the  carbonate  method  fully 
substantiates  the  previous  work  from  this  laboratory.  For  the 
determinations  given,  a  solution  of  cadmium  sulphate  was  used, 
whose  standard  was  accurately  given  by  the  average  of  a  large 
number  of  closely  agreeing  electrolytic  determinations.  Por- 
tions of  this  solution  were  accurately  measured  from  a  burette 
and  diluted  to  300*^°'  with  hot  water.  A  10  per  cent  solution 
of  potassiimi  carbonate  was  then  added,  drop  by  drop,  with 
constant  stirring  until  no  further  precipitation  took  place. 
The  whole  was  then  boiled  for  about  fifteen  minutes,  when  the 
precipitate  became  granular  and  quickly  settled.  It  was  then 
filtered  upon  an  asbestos  mat  in  a  Gooch  crucible,  which  had 
previously  been  ignited  and  weighed,  and  was  then  carefully 
washed  with  hot  water.  In  several  cases,  washing  by  decanta- 
tion  was  used.  The  precipitate  was  then  dried  and  ignited 
over  a  Bunsen  burner,  first  gently,  then  at  full  red  heat  until 
a  constant  weight  was  obtained,  care  being  taken  to  avoid  the 
reducing  action  of  any  unbumed  gas  from  the  burner. 

The  following  results  were  obtained  : 


CdO  taken. 

CdO  found. 

Error. 

No.  of  exp. 

.  g™. 

grm. 

grm. 

1. 

0-1277 

0-1275 

—  0-0002 

2. 

0-1277 

0-1280 

+  0-0003 

3. 

0-1277 

0-1272 

—  0-0005 

4. 

0-1399 

0-1391 

—  0-0008 

5. 

0-1399 

0-1399 

±0-0000 

6. 

0-1703 

0-1700 

—0-0003 

7. 

0-1703 

0-1700 

—  0-0003 

8. 

0-2129 

0-2128 

—  0-0001 

9. 

0-2129 

0-2128 

—  00001 

10. 

0-2554 

0-2554 

±0-0000 

The  method  is  simple  in  execution,  and  the  above  results 
prove  its  accuracy. 

Some  of  the  older  manuals  also  give  as  a  method  for  the 
estimation  of  cadmium  that  of  ignitmg  to  the  oxide  the  pre- 
cipitated hydroxide  obtained  by  adding  a  solution  of  sodium  or 
potassium  hydroxide  to  the  solution  containing  the  salt  of  cad- 
mium. Follenius  has  published*  some  results  obtaihed  with 
the  use  of  an  asbestos  filter,  and  it  was  decided  to  try  this 
method  in  comparison  with  the  carbonate  method.  As  in  the 
experiments  with  the  carbonate,  portions  of  the  solution  of 
cadmium  sulphate  were  carefully  measured  off  from  a  burette, 
diluted  to  about  300'™*,  and  heated  to  boiling.  A  10  per  cent 
solution  of  potassium  hydroxide  was  then  added  drop  by  drop 
and  the  whole  boiled  for  about  fifteen  minutes.  IJpon  cool- 
ing, the  precipitate  quickly  settled  in  a  semi-granular  state, 

♦Z.  anal.  Ch.,  xiii,  284  (1874). 
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and  was  best  filtered  and  washed  by  decantation.  The  results 
were  lower  than  when  the  cadmium  was  precipitated  as  the 
carbonate,  as  is  shown  by  the  following  table  : 


CdO  taken. 

CdO  found. 

Error. 

No.  of  exp. 

grm. 

grm. 

grm. 

1. 

0-1277 

0-1277 

±0-0000 

2. 

0-1277 

0-1270 

—  0-0007 

3. 

0-1277 

0-1260 

—  0-0017 

4. 

0-1277 

01286 

4-0-0009 

5. 

0-1362 

0-1350 

—  0-0012 

6. 

0-1399 

0-1389 

—  00010 

7. 

0-1703 

0-1697 

—  0  0006 

8. 

01703 

0-1693 

—  0-0010 

9. 

01 703 

0-1699 

-0-0004 

10. 

0-1788 

0-1802 

+  0-0014 

11. 

0-2129 

0-2139 

+  00010 

VI, 

0-2129 

0-2128 

—  0-0001 

While  the  figures  show  that  fair  results  may  be  obtained  by 
the  hydroxide  method,  it  can  be  compared  with  the  carbonate 
method  neither  for  accuracy  nor  convenience :  the  precipitate 
docs  not  attain  the  same  granular  form  as  that  of  the  carbo- 
nate ;  it  is  hard  to  filter,  difticult  to  wash,  and  can  be  removed 
completely  from  the  beaker  in  which  precipitation  takes  place 
only  with  the  utmost  difficulty. 


Art.  XLIX. — The  Mounted  Skeleton  of  Triceratops  pror%u% 
in  the  TJ,  S,  National  Museum ;  by  C.  Schuchert.  ^With 
Plate  XV.) 

Note. — At  various  limes  articles  on  Triceratops  by  the  late 
Professor  Marsh  have  been  printed  in  this  Journal,  and  as  the 
U.  S.  National  Museum  is  the  first  institution  to  possess  a 
mounted  skeleton  of  this,  the  largest-headed  Dinosaur,  it  is 
deemed  advisable  to  complete  the  records  by  reproducing  here 
the  illustration  recently  published  in  the  Proceedings  of  that 
Museum.*  Mr.  G.  W.  Gilmore  did  the  mounting,  and  from  his 
article  the  following  extracts  are  taken  : 

Among  the  vertebrate  fossils  included  in  that  part  of  the 
Marsh  collection,  now  preserved  in  the  United  States  National 
Museum,  are  the  remains  of  several  individuals  pertaining  to 
the  large  Cretaceous  dinosaur,  Triceratops.  All  of  this 
material,  which  comes  from  the  Laramie  division  of  the  Cre- 
taceous, was  collected  by  or  under  the  supervision  of  the  lat« 
Mr.  J.  B.  Hatcher  in  the  northeastern  part  of  Converse 
County,  Wyoming,  a  locality  made  historic  by  the  researches 

♦  Article  1426,  vol.  xxix,  1905,  pp.  433-435,  2  plates. 
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of  this  enthusiastic  student.  From  this  one  region  he  col- 
lected  tlie   remains  of  more   tlian   forty   individuals   of  the 

Ceratopsia,  a  record  that  has  never  been  equaled. 

^  *  ^  *  ^  -x- 

From  the  tip  of  tlie  beak  to  the  end  of  the  tail  the  skeleton 
as  restored  is  19  feet  8  inches  in  length.  Tlie  skull,  which  is 
6  feet  long,  equals  nearly  one-third  of  this  length.  At  the 
highest  point  (the  top  of  the  sacrum)  it  is  8  feet  2  inches  above 
the  base.  The  mounted  skeleton  presents  several  features 
which  would  otherwise  be  lost  to  the  observer  if  seen  in  the 
disarticulated  condition.  The  short  body  cavity,  the  deep 
thorax,  the  massive  limbs,  and  the  turtle-like  flexure  of  the 
anterior  extremities  are  characters  only  appreciated  in  the 
mounted  skeleton.  The  position  of  the  fore  limbs  in  the 
present  mount  appears  rather  remarkable  for  an  animal  of  such 
robust  proportions,  but  a  study  of  the  articulating  surfaces  of 
the  several  parts  precludes  an  upright  mammalian  type  of 
limb,  as  was  represented  by  Marsh  in  the  original  restoration. 
Moreover,  a  straightened  form  of  leg  would  so  elevate  the 
anterior  portion  of  the  body  as  to  have  made  it  a  physical 
impossibility   for   the   animal   to   reach   the   ground  with  its 

head In   constructing   these   parts   we   have   followed 

Marsh's  drawing,  assisted  somewhat  by  fore-foot  material  kindly 
loaned  by  Dr.  H.  F.  Osborn,  of  the  American  Museum  of 
Natural  History,  New  York  City. 

The  nasal  horn  of  the  skull  used  in  the  present  skeleton 
appears  to  be  missing,  and  on  account  of  the  unsatisfactory 
evidence  as  to  whether  the  horn  is  wholly  or  only  partly  gone, 
it  was  decided  not  to  attempt  a  restoration  at  this  time.  This 
will  account  for  the  absence  of  one  of  the  important  features 
upon  which  the  name  of  the  animal  is  based,  Tneeratops 
meaning  three-horn  face,  in  allusion  to  the  presence  of  the 
two  large  horns  above  the  eyes  and  the  third  smaller  horn  on 
the  nose. 

It  may  be  of  interest  to  mention  here  that  Prof.  O.  C.  Marsh 
used  this  skeleton  (No.  4842),  supplemented  by  other  remains 
now  preserved  in  the  collections  of  the  Yale  Museum,  for  the 
basis  of  his  restoration  of  Triceratops  prorsus^  published  as 
Plate  LXXI  in  the  Dinosaurs  of  North  America.  ...  A  com- 
parison of  the  above  restoration  by  Marsh  with  the  mounted 
skeleton  [see  Plate  XV]  shows  several  differences  in  points 
of  structure,  due  chiefly  to  the  better  understanding  of  these 
extinct  forms.  The  most  striking  dissimilarity  is  in  the 
shortening  of  the  trunk  by  a  reduction  of  the  number  of 
presacral  vertebroe.  .  .  .  Mr.  Hatcher  determined,  from  a  well- 
preserved  vertebral  column  in  the  Yale  Museum,  the  number 
of  presacrals  as  twenty-one,  this  being  six  less  than  ascribed 
to  the  animal  by  Marsh. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  A  Neto  Formation  of  Diamond. — In  a  lecture  delivered 
before  the  British  Association  at  Kimberly,  South  Africa,  Sept. 
5,  1905,  Sir  William  Crookes  stated  that  he  had  found  what 
were,  in  all  probability,  microscopic  diamonds  in  residues  obtained 
by  Sir  Andrew  Noble  in  exploding  cordite  in  closed  steel  cylin- 
ders. Crookes  had  calculated  the  theoretical  melting  ])oint  of 
carbon  as  4400°  absolute,  and  the  melting  pressure  as  16*6  atmos- 
pheres ;  hence  he  concluded  that  the  conditions  of  the  cordite 
explosions,  where  a  pressure  of  8000  atmospheres  and  a  tempera- 
ture reaching  in  all  probability  5400°  absolute,  would  be  favor- 
able for  the  formation  of  diamonds.  Upon  examining  the  resi- 
dues from  such  explosions,  octahedral  crystals  were  found  which 
had  high  index  of  refraction,  the  proper  cleavage,  and  the 
absence  of  birefringence  of  the  diamond,  and,  although  their 
other  properties  have  not  yet  been  determined,  the  chemical 
ordeal  to  which  they  were  bubjected  in  the  treatment  of  the 
material  leads  to  the  belief  that  they  must  be  diamonds. —  Chem, 
News,  xcii,  148.  h.  l.  w. 

2.  A  New  Compound  of  Iron. — Otto  Hauser  has  prepared 
a  curious  ammonium-ferrous-ferric  basic  carbonate,  evidently  a 
triple  salt,  to  which  he  gives  the  formula 

Fe%NH,Fe"'0(CO.),.  2H,0. 

It  may  be  prepared,  in  the  form  of  a  crystalline  precipitate,  as 
follows  :  Ammonium-ferrous  sulphate  is  dissolved  in  five  parts  of 
water,  then  a  solution  of  commercial  ammonium  carbonate  in 
about  five  parts  of  water  is  added  until  the  precipitate  which 
forms  at  first  has  redissolved.  The  quickly  filtered  liquid  is  then 
placed  in  a  loosely  closed  bottle  where  only  a  small  surface  of 
the  solution  is  exposed  to  the  air.  The  liquid  now  becomes 
brown  very  rapidly  from  the  top  downward  without  any  separa- 
tion of  ferric  hydroxide,  and  in  about  half  an  hour  a  slightly 
greenish  precipitate  settles  to  the  bottom,  and  after  about  two 
days  the  iron  is  completely  removed  from  the  solution  in  the 
form  of  the  new  compound.  The  substance  has  a  light  green 
color  when  fresh,  but  it  rapidly  darkens  upon  exposure  to  the 
air.  It  dissolves  readily  in  acids  with  eflFervescence  ;  it  gives  a 
black  ferrous-ferric  oxide  with  alkalies,  and  at  the  same  time 
evolves  ammonia. — Berichte,  xxxviii,  2707.  n.  l.  w. 

3.  Nitrosyl  Fluoride, — Ruff  and  Staubkr,  by  the  action  of 
nitrosyl  chloride  upon  silver  fluoride  have  prepared  this  substance, 
NOF.  It  is  a  colorless  gas  which  melts  at  about  —134°  and 
boils  at  —56°.     In  its  chemical  activity  it  resembles  free  fluorine 
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as  well  as  nitryl  fluoride,  NO,F,  which  has  been  prepared  by 
Moisson,  but  from  the  latter  it  differs  in  its  density,  in  reacting 
readily  with  iodine  to  form  iodine  pentafluoride,  and  in  reacting 
with  water  to  form  nitrous  acid  instead  of  nitric  acid. — Zeitschr, 
Anorgan.  Chem.,  xlvii,  190.  h.  l.  w. 

4.  The  Atomic  Weight  of  Strontium. — About  ten  years  ago 
T,  W.  Richards  determined  the  atomic  weight  of  strontium  by 
means  of  a  comparison  of  the  bromide  with  silver.  He  now  pub- 
lishes the  results  of  a  comparison  of  the  chloride  with  silver, 
made  several  years  ago,  but  not  published  at  the  time  on  account 
of  a  discrepancy  in  the  results  due  to  an  unknown  cause.  This 
discrepancy  has  been  explained  by  the  recent  revision  of  the  rela- 
tion between  silver  and  chlorine  made  by  Richards  and  Wells, 
and  it  is  found  that  the  averages  of  the  two  series  of  determina- 
tions agree  with  remarkable  closeness  when  the  correction  in  the 
atomic  weight  of  chlorine  is  made ;  thus  : 

From  SrBr,,  Sr  =  87*663 
From  SrCI,,   Sr  =  87*661 

These  results  are  based  on  silver  as  107*930,  but  Richards 
remarks  that  this  number  is  probably  not  exact  in  comparison  with 
oxygen  as  16,  and  that  the  result  will  require  modification  when 
the  true  atomic  weight  of  silver  has  been  determined. — Zeitschr. 
Anorgan,  Chem,^  xlvii,  145.  h.  l.  w. 

5.  Qualitative  Analysis ;  by  E.  H.  S  Bailey  and  H.  P. 
Cady.  8vo,  pp.  278.  Philadelphia,  1905,  P.  Blakiston's  Son  & 
Co. — This  book  is  interesting  in  being  based  upon  the  applica- 
tion of  the  theory  of  electrolytic  dissociation  and  the  law  of  mass 
action  ;  but,  however  important  these  principles  may  be  con- 
sidered in  connection  with  teaching  the  subject,  it  appears  that 
the  extent  to  which  they  are  carried  in  this  case  often  causes  a 
loss  of  clearness  and  conciseness  as  far  as  qualitative  analysis 
is  concerned.  It  may  be  mentioned  that  the  book  is  not  as  large 
as  its  pages  would  indicate,  for  nearly  half  of  them  are  left  blank 
for  use  in  keeping  notes.  h.  l.  w. 

6.  Charging  JEffect  of  Rontgen  Rays, — The  ionizing  cflFect  of 
these  rays  has  been  apparently  fully  proved,  and  there  is  a  satis- 
factory agreement  in  the  results  of  observers.  This  is  not,  how- 
ever, true  in  regard  to  the  question  whether  the  rays  give  various 
bodies  upon  which  they  impinge  electric  charges.  The  subject 
has  been  investigated  by  Karl  Hahn,  whose  results  support  the 
contention  of  Prof.  J.  J.  Thomson,  that  the  rays  give  a  positive 
charge  to  bodies.     His  results  are  summed  up  as  follows  : 

(1)  All  bodies  upon  which  the  rays  directly  impinge  are 
charged  positively. 

(2)  Very  thin  sheets  of  metals  are  charged  more  strongly  than 
thick  sheets,  and  the  difference  is  greater  the  shorter  the  exposure 
to  the  rays. 

Am.  Joue.  Sol — Foubth  Series,  Vol.  XX,  No.  120.— December,  1906. 
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(3)  The  influence  of  the  character  of  the  metal  surface  is  negli- 
gible. 

(4)  The  potential  of  the  charged  plate  is  dependent  upon  : 

(a)  The  capacity  with  which  the  plate  is  connected  ; — the 
quantity  of  electricity,  that  is,  the  product  of  capacity  and  poten- 
tial is  smaller  for  the  greater  potential,  that  is  for  smaller  capac- 
ity. If  we  assume  that  this  is  due  to  the  conductivity  of  the  air^ 
one  can  assume  that  the  quantity  of  electricity  is  constant. 

(b)  The  time  of  exposure  to  the  rays.  The  potential  increases 
with  the  time  of  exposure  up  to  20  sec.  and  then  remains  con- 
stant. 

(c)  On  the  nature  of  the  rays.  Hard  rays  exert  a  stronger 
influence  than  weak  rays. 

(d)  On  the  nature  of  the  metals  ;  the  potential  is  greater  the 
greater  the  atomic  weight,  and  the  more  the  metal  is  electronega- 
tive. The  influence  of  atomic  weight  is  more  notable  with  the 
hard  rays  ;  the  position  of  the  metals  in  the  electromotive  series 
has  greater  effect  in  the  case  of  the  weak  rays. 

(e)  On  the  surrounding  gas.  The  potential  is  greater  in  air 
than  in  CO,. 

(5)  Secondary  rays  tend  lo  neutralize  the  charges.  This  phe- 
nomenon explains  the  discordant  results  obtained  by  various 
observers. — Ann,  der  Phj/sik,  No.  11,  1905,  pp.  140-171.     J.  t. 

7.  Emission  of  Negative  Corpuscles  by  the  Alkali  3fetals, — 
Elster  and  Geitel  discovered  that  even  the  light  emitted  by 
a  glass  rod  heated  to  a  dull  red  heat  was  sufficient  to  cause 
rubidium  to  emit  corpuscles.  Professor  J.  J.  Thomson  shows 
that  rubidium  and  the  liquid  alloy  of  sodium  and  potassium  give 
out  corpuscles  in  the  dark.  This  result  leads  Professor  Thomson 
to  speculate  upon  probable  differences  of  temperature  between 
the  interiors  of  bodies  and  their  surfaces  arising  from  the  explo- 
sion of  atoms. — Phil.  Mag.y  Nov.  1905,  pp.  684-590.  j.  t. 

8.  A  New  Method  of  showing  the  Presence  of  Neon^  Krypton^ 
and  Xenon. — S.  Valbntineb  and  R.  Scumidt  depart  somewhat 
from  the  method  of  Dewar,  by  which,  using  the  singular  occlu- 
sion power  of  charcoal  at  low  temperatures,  Dewar  showed  the 
presence  of  neon,  hydrogen  and  helium.  Valentiner  and  Schmidt 
exhaust  the  spectrum  tube  and  connected  apparatus  ;  then  admit 
a  large  quantity  of  argon,  submit  this  argon  to  the  occlusion 
action  of  charcoal  at  the  temperature  of  liquid  air.  By  this 
process  neon  is  left  in  the  spectrum  tube  ;  and  the  quantity  can 
be  suitably  increased  by  varying  the  pressure  and  amount  of 
exhaustion.  Suitable  modifications  of  this  method  of  employing 
argon  as  a  basis  and  the  occluding  power  of  charcoal  at  different 
low  temperatures  enabled  the  authors  to  show  the  presence  of 
krypton  and  xenon. — Ann.  der  Physiky  No.  11,  1905,  pp.  187-197. 

J.  T. 

9.  The  Mechanical  Properties  of  Catgut  Musical  Strings ;  a 
Correction  by  J.  R.  Benton  (communicated). — I  have  to  correct 
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an  error  in  my  article  on  the  Mechanical  Properties  of  Catgut 
Musical  Strings,  which  appeared  in  the  last  issue  of  this  Journal. 
On  page  384,  under  the  heading  "  Hygroscopic  Properties,"  some 
observations  are  discussed  which  appear  to  show  that  the  string 
in  question  increased  in  length  with  increasing  humidity ; 
although,  as  mentioned  there,  its  behavior  was  much  complicated 
by  after  effects.  It  is  well  known  that  the  catgut  strings  of 
musical  instruments  are  affected  by  changes  of  humidity :  but 
they  tend  to  contract  with  increasing  humidity,  and  not  to  stretchy 
as  stated  in  the  article.  The  string  on  which  I  made  observa- 
tions showed  just  the  opposite  behavior  ;  but  it  was  under  dif- 
ferent conditions  from  the  strings  in  musical  instruments.  In 
the  first  place,  it  was  under  far  less  tension  ;  in  the  second  place, 
it  was  free  from  any  torsion  ;  consequently  any  lateral  swelling 
of  its  fibers  which  might  occur  would  have  no  tendency  to  shorten 
it,  while  such  swelling  would  tend  to  shorten  a  twisted  string. 


II.  Geology  and  Mineralogy. 

1.  loioa  Geological  Survey^  Volume  XV,  Annual  Report, 
190j^,  with  accompanying  papers,  Frank  A.  Wilder,  State 
Geologist ;  T.  E.  Savage,  Assistant  Geologist.  Pp.  viii,  560,  7 
plates,  51  figures  and  10  geological  maps.  Des  Moines,  1905. — 
The  Geological  Survey  of  Iowa,  under  the  charge  of  Professor 
Samuel  Calvin,  has  enjoyed  an  excellent  reputation  for  the  thor- 
ough and  systematic  work  which  it  has  accomplished  since  its 
inauguration.  Professor  Calvin  has  now  found  it  necessary  to 
resign  from  the  position  of  chief  responsibility,  and  the  place  has 
been  filled  by  Professor  Frank  A.  Wilder,  under  whose  auspices 
the  present  volume  has  been  published.  This  volume  gives 
promise  that  the  future  work  done  for  the  State  will  be  carried 
forward  on  the  same  lines  and  with  the  same  excellent  results 
that  have  characterized  its  predecessors. 

The  volume  contains,  in  addition  to  the  administrative  report, 
a  chapter  on  the  Mineral  Production  in  1904,  by  S.  W.  Beyer  ; 
another  on  Cement  and  Cement  Material,  bv  E.  C.  Eckel  and  H. 
F.  Bain  ;  and  then  a  series  of  chapters  discussing  in  detail  the 

feology  of  a  number  of  counties  accompanied  by  geological  maps, 
'hese  special  reports  include  the  following :  On  the  Geology  of 
Benton  County,  by  T.  E.  Savage  ;  of  Emmet,  Palo  Alto  and 
Pocahontas  Counties,  by  Thomas  II.  Macbride  ;  of  Jasper  County, 
by  Ira  A.  Williams  ;  of  Clinton  County,  by  Jon  Andreas  Udden; 
of  Fayette  County,  by  T.  E.  Savage.  It  is  stated  that  the  field 
work  for  1905  is  being  carried  on  preeminently  along  economic 
lines,  the  earlier  stratigraphic  work  having  laid  the  necessary 
foundation. 

In  the  report  of  Mr.  Beyer  alluded  to  above,  it  is  shown  that 
the  value  of  the  mineral  productions  of  the  State  in  1904  was 
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$15,000,000,  of  which  the  chief  items  are  coal,  making  two-thirds 
of  the  whole,  and  clay  more  than  a  fifth ;  others  are  building 
stone,  gypsum,  lead  and  sand-lime  brick. 

2.  Suinmary  Meport  of  the  Geological  Survey  Department  of 
Canada^  for  the  Cale/iidar  Year  1904,  Robkbt  Bell,  Acting 
Deputy  Head  and  Director,  Pp.  xxxviii,  392,  with  seven  geo- 
logical maps.  Ottawa,  1906. — This  volume  gives  a  concise 
account  of  the  work  accomplished  by  the  Canadian  Survey  dur- 
ing 1904.  The  total  number  of  parties  engaged  was  twenty- 
eight,  and  their  labors  extended  over  the  entire  area  of  the 
country,  extending  not  only  from  the  Atlantic  to  the  Pacific  but 
also  into  the  Arctic.  In  general,  the  work  carried  on,  as  with 
other  surveys  at  the  present  time,  was  largely  on  the  economic 
side.  As  an  illustration  of  what  may  be  accomplished  in  this 
way  by  careful  geological  work,  the  Director  mentions  the  recent 
discovery  of  a  seam  of  coal,  10  feet  thick,  at  a  depth  of  2,340 
feet,  near  Pettigrew,  in  Cumberland  County,  Nova  Scotia.  The 
bore-hole  was  sunk  through  an  unproductive  covering  at  the  sug- 
gestion of  Mr.  Hugh  Fletcher  of  the  Survey,  as  the  result  of  his 
knowledge  of  the  minute  structural  geology  of  that  district. 
This  successful  result  opens  the  prospect  of  finding  numerous 
coal  seams  through  an  area  of  fifty  miles  in  length  and  thirty  in 
breadth.  This  discovery  is  given  as  an  illustration  of  the  very 
important  economic  results  that  follow  accurate  topographical 
and  geological  work. 

Of  the  special  reports  given  in  the  volume,  two  are  devoted  to 
the  Kluane  and  Duncan  Creek  mining  districts,  in  Yukon  Terri- 
tory, others  to  the  diflFerent  coal-basins  of  British  Columbia  and 
so  on.  An  interesting  account  is  also  given  by  Commander  A.  P. 
Low  of  the  expedition  to  Hudson  Bay  and  northward  in  1903-4 
by  the  S.  S.  Neptune.  Among  other  points  may  be  mentioned 
a  detailed  statement  of  the  phenomena  accompanying  the  fall  of 
the  meteorite  at  Shelburne,  Ontario,  on  August  13,  1904. 

3.  Glaciation  of  Southwestern  New  Zealand, —K.  C.  Andrews, 
of  the  Department  of  Mines,  Sydney,  New  South  Wales,  has 
written  on  "  Some  interesting  facts  concerning  the  glaciation  of 
Southwestern  New  Zealand"  (Trans.  Austral.  Assoc.  Adv.  Sci- 
ence, 1904,  189-205,  8  plates),  in  which  he  sets  forth  with  much 
clearness  the  evidence  of  intense  glacial  erosion  in  the  district  of 
the  fiords  about  Milford  sound.  Hanging  lateral  valleys,  par- 
tially or  totally  truncated  spurs,  and  the  resulting  rectilinear 
cliffs  or  over-steepened  valley  sides,  with  lakes  and  over-deepened 
fiords  along  the  valley  courses  all  occur  in  abundance.  These 
peculiar  features  are  compared  with  those  developed  by  normal 
erosion  in  the  highlands  of  northeastern  Australia  ("New  Eng- 
land "),  and  the  conclusion  is  reached  that  as  normal  erosion  can- 
not possibly  account  for  both,  glacial  erosion  must  be  responsible 
for  the  peculiar  features  that  occur  where  glaciers  are  independ- 
ently shown  to  have  existed.     In  a  supplementary  note,  Andrews 
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well  says :  "  The  author  feels  confident  that  the  glacial  explana- 
tion is  most  convincing  to  students  of  geography,  who  .  .  .  have 
not  either  lived  in  or  even  seen  any  region  of  former  or  present 
intense  glaciation.  Only  to  such  workers  does  the  whole  series 
of  novel  perceptions  presented  during  a  first  glimpse  at  a  former 
strongly  glaciated  region  come  with  the  startling  force  of  a  reve- 
lation." w.  M.  D. 

4.  Mastodon- Reste  aus  dem  interatidinen  Ilochlaxid  von  Bo- 
livia ;  von  J.  F.  PoMPECKJ.  Palaeontographica,  Bd.  52,  1905, 
|)p.  17-56,  2  pis.— Dr.  Pompeckj,  during  his  travels  in  Bolivia  in 
1902,  collected  near  Ulloma  and  Calacoto  a  number  of  mastodon 
jaws  and  teeth  here  described  and  discussed  in  great  detail. 
These  were  found  at  an  elevation  of  3800  meters  above  sea  level, 
and  belong  to  Mastodon  bolivianns  and  M,  humboldti. 

The  belief  is  held  by  some  that  these  mastodons  lived  at  a 
time  when  the  mountains  had  a  far  lower  altitude  than  now,  but 
Pompeckj  holds  quite  the  contrary  opinion.     He  states : 

"During  Diluvial  time,  or  at  least  during  that  portion  of  it 
when  the  fauna  containing  Mastodon  holivianiis  existed,  the  high 
Bolivian  plains  at  an  elevation  of  about  3800-4000  meters  prob- 
ably had  the  character  of  a  steppe,  similar  to  that  of  to-day,  but 
with  a  greater  rainfall  and  therefore  with  a  richer  growth  of 
grass  and  bushes  than  at  present. 

"  Neither  the  geological  structure  of  the  Bolivian  highland  nor 
its  Diluvial  fauna  compels  the  conclusion  of  decided  Diluvial  or 
Postdiluvial  elevation  of  the  Andes."  c.  s. 

5.  Description  of  New  Rodents  and  Discussion  of  the  Origin 
of  Daemonelix  ;  by  O.  A.  Peterson.  Mem.  Carnegie  Museum, 
i'i,  1905,  pp.  139-191,  text  figures  and  pis.  17-21. — The  part  of 
this  paper  of  greatest  interest  in  general  paleontology  relates  to 
the  interpretation  of  the  so-called  "  Devil's  corkscrews,"  so  well 
and  fully  described  by  Professor  Barbour.  The  general  explana- 
tion has  been  that  these  gigantic  screw  casts  are  the  fossilized 
and  infiltrated  roots  of  water  plants.  However,  the  suggestion 
has  also  been  made  that  they  represent  the  burrows  of  some  fos- 
sorial  rodent. 

Last  year  Mr.  Peterson  made  a  careful  search  for  vertebrate 
fossils  in  the  Daemonelix  beds  as  exposed  in  the  adjoining 
counties  of  Sioux  in  Nebraska  and  Converse  in  Wyoming.  He 
states  that  one  is  alwa3'8  sure  to  find  rodent  remains  in  a  locality 
where  Daemonelix  is  found  in  great  numbers,  and  he  was 
rewarded  in  his  exploration  by  securing  a  number  of  good  skele- 
tons of  the  beaver-like  ^teneofiher  within  the  spiral  of  Daemone- 
lix or  its  so-called  rhizome.  This  led  him  next  to  study  the 
tunnels  of  the  living  prairie-dog  so -common  throughout  the  semi- 
arid  region  of  the  West.  He  did  this  by  making  a  mixture  of 
plaster,  water,  and  saud,  and  pouring  this  into  and  filling  the 
tunnel.  Later  this  tilling  was  dug  out,  and  two  of  these  casts  are 
illustrated  in  the  paper  here  reviewed  ;    they  certainly  suggest 
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Daemonelix.  The  rhizomes  of  the  gigantic  corkscrew  were 
found  to  be  either  simple  or  several  times  branched  ;  some  of 
them  ended  in  an  enlargement,  but  none  of  them  showed  small 
DaemonMx  spirals  emerging  from  them,  as  has  been  stated  by 
other  authors.  The  skeletons  within  Daemonelix  are  usually 
scattered  "and  quite  often  only  the  head  is  found  crowded  close 
to  the  wall,  or  inside  of  the  rim  of  the  compact  mass  of  roots." 
The  best  skeleton  was  found  near  the  end  of  one  of  the  rhizomes. 
Some  of  the  latter  attained  a  length  of  fifteen  feet. 

In  regard  to  the  plant  material  found  within  the  spirals,  Mr.  O. 
E.  Jennings  states  :  "  The  vegetable  tissues  are  apparently  sim- 
ply the  remains  of  a  mesh  of  roots  such  as  is  sometimes  found 
clogging  a  tile  drain  or  sewer.  .  .  .  Enough  was  evident,  how- 
ever, to  plainly  indicate  that  nearly  all  the  roots  were  those  of 
angiosperms,  the  cells  discerned  being  quite  typical." 

The  evidence  thus  far  presented  is  decidedly  more  in  favor  of 
Daemotielix  being  the  cast  of  fossorial  rodent  burrows  than  the 
roots  of  some  gigantic  aquatic  plant.  c.  s. 

6.  Economic  Geology  of  the  Bingham  Mining  Distinct,  Utah; 
by  John  Mason  Boutvvell;  with  A  Section  on  Areal  Geology, 
by  Arthur  Keith  and  xAn  Introduction  on  General  Geology,  by 
Samuel  Franklin  Emmons.  U.  S.  G.  8.  Professional  Paper, 
No.  38,  396  pp.,  49  pis.,  10  figs,  in  text.  —  This  paper,  which 
almost  approaches  a  monograph  in  size  and  scope,  is  a  valuable 
contribution  to  the  literature  of  economic  geology  as  well  as 
being  a  detailed  description  of  an  important  and  interesting  min- 
ing district.  Bingham  has  been  a  producing  camp  since  about 
1870.  In  the  early  days  of  the  district  the  lead -silver  deposits 
were  worked,  the  carbonate  ores  being  first  mined  and  then  later 
the  sulphides.  Some  gold  mining  has  also  been  carried  on,  both 
placer  and  vein  deposits.  In  1896  large  bodies  of  low-grade 
cop})er  ore  were  first  seriously  exploited  and  since  then  Bingham 
has  steadily  risen  in  importance  as  a  copper  producer.  The  pro- 
duction of  copper  from  the  district  for  the  year  1902  was  nearlv 
16,000,000  lbs. 

The  Bingham  district  is  situated  on  the  east  side  of  the  Oquirrh 
Mountains  about  fifteen  miles  south  of  Great  Salt  Lake.  The 
rocks  of  the  section  are  made  up  chiefly  of  quartzites,  sandstones 
and  limestones  of  Upper  Carboniferous  age,  with  intrusive  bodies 
of  monzonite  and  monzonite  porphyry  and  extrusive  flows  of 
andesite.  There  is  one  broad  open  flexure  of  the  rocks  in  the 
district,  a  synclinal  fold  which  pitches  toward  the  northwest. 
Besides  this  many  smaller  folds  are  found.  The  rocks  are  also 
extensively  faulted. 

The  ores  occur  in  vein,  bedded  and  disseminated  deposits.  The 
vein  deposits  are  chiefly  those  of  argentiferous  lead  ore  which  fills 
fissures  that  traverse  all  of  the  rock  types.  The  bedded  deposits 
are  of  copper  ore  and  are  found  in  the  limestones,  while  the  dis- 
seminated copper  ore  is  restricted  to  the  monzonitic  intrusives. 
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The  most  important  ore  bodies  are  those  of  the  copper-bearing 
sulphide  deposits  which  occur  in  massive  marbleized  limestones 
along  particular  beds  in  the  vicinity  of  the  intrusives. 

Mr.  Boutwell  sums  up  the  geological  history  of  the  district  as 
follows :  "  Between  Carboniferous  and  late  Tertiary  time  monzo- 
nitic  intrusives  invaded  sediments  in  the  Bingham  area,  meta- 
morphosed them  and  introduced  metallic  elements  which  replaced 
marbleized  limestone  with  pyritous  copper  sulphides.  After  the 
superficial  portions  of  the  intrusives  had  cooled  to  at  least  partial 
rigidity  they  and  the  inclosing  sediments  were  rent  by  northeast- 
southwest  fissures. 

"  Heated  aqueous  solutions  from  the  deeper  unconsolidated 
portions  of  the  magma  then  ascended  these  channels,  altered 
their  walls,  and  introduced  additional  metallic  elements.  At  this 
time  more  pyritous  copper  sulphide  may  have  been  added  to  that 
formed  earlier  in  the  limestone  in  connection  with  contact  meta- 
morphism.  Monzonite,  including  its  original  metallic  constitu- 
ents, was  altered  ;  copper,  gold  and  sulphur  were  probably  added, 
and  auriferous  copper  sulphides  were  formed.  The  silver-lead 
ore  was  deposited  in  the  fissures,  mainly  by  filling,  partly  by 
replacement. 

"Since  this  period  of  mineralization  these  original  sulphide 
ores  have  been  altered  by  surface  waters,  in  their  upper  portions, 
into  carbonates  and  oxides,  and  relatively  enriched  in  their  under- 
lying portions."  w.  E,  F. 

7.  Economic  Geology^  a  Semi- Quarterly  Journal  devoted  to 
Geology  as  ajfplied  to  Mining  and  Allied  Industries,  Volume  I, 
Number  1.  (Published  by  the  Economic  Geology  Publishing 
Company,  Lancaster,  Pa.) — The  appearance  of  the  first  number 
of  this  new  journal  is  an  event  of  unusual  interest  and  importance. 
Economic  geology  has  only  within  the  last  quarter  century  estab- 
lished its  place  as  a  distinct  and  important  department  of  geo- 
logical science.  In  Germany  the  Zeitschrift  filrpraktische  Geo- 
logie  was  the  result  of  this  movement  among  German  geologists 
and  it  has  done  much  to  place  this  branch  of  geology  on  a  firm 
basis  both  at  home  and  abroad.  It  is  only  recently,  however, 
that  in  the  English-speaking  world  economic  geology  has  begun 
to  occupy  its  rightful  position,  and  this  new  journal  has  been 
established  on  account  of  this  fact  and  with  the  hope  that  by  its 
efforts  a  still  larger  recognition  may  be  given  the  subject.  Until 
now  the  American  geologist  who  had  interested  himself  in  the 
problems  of  ore  deposits  had  no  field  for  the  publication  of  the 
results  of  his  investiijations  outside  of  the  ciiannels  of  the  United 
States  Geological  Survey,  except  in  various  technical  or  semi- 
technical  journals  devoted  to  mining.  It  is,  therefore,  with  a 
distinct  sense  of  congratulation  that  we  find  provided  here  a 
proper  place  for  the  printing  of  such  papers. 

The  editor  outlines  the  scope  and  office  of  the  journal  in  his 
first  editorial  as  follows :  "  The  chief  purpose  of  *  Economic  Geol- 
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ogy '  will  be  to  famish  its  readers  with  articles  of  a  scientific 
character.  These  will  deal  with  the  application  of  the  broad 
principles  of  geology  to  mineral  deposits  of  economic  value,  with 
the  scientific  description  of  such  deposits  and  particularly  with 
the  chemical,  physical  and  structural  problems  bearing  upon  their 
crenesis.  With  the  engineering  and  commercial  aspects  of  min- 
ing this  journal  will  not  be  directly  concerned,  as  these  subjects, 
find  ample  representation  in  the  technical  mining  journals. '^ 

The  editor  of  "  Economic  Geology  "  is  Prof.  J.  D.  Irving  of 
Lehigh  University,  and  the  associate  editors  ;  Mr.  W.  Lindgren 
of  Washington,  Prof.  J.  F.  Kemp  of  Columbia  University,  Mr. 
F.  L.  RauKome  of  Washington,  Prof.  H.  Ries  of  Cornell  Uni- 
versity, Mr.  M.  R.  Campbell  of  Washington  and  Prof.  C.  K. 
Leith  of  the  University  of  Wisconsin. 

The  magazine  in  its  mechanical  make-up  has  evidently  been 
modeled  after  the  Journal  of  Geology.  The  paper,  type,  and 
general  appearance  are  all  excellent.  The  first  number  embraces 
100  pages,  of  which  about  three-fourths  are  given  to  articles, 
whose  titles  are  as  follows  :  The  Present  Standing  of  Applied 
Geology,  by  F.  L.  Ransome;  Secondary  Enrichment  in  Ore- 
Deposits  of  Copper,  by  J.  F.  Kemp  ;  Hypothesis  to  Account  for 
the  Transformation  of  Vegetable  Matter  into  the  Different  Vari- 
eties of  Coal,  by  M.  R.  Campbell ;  Ore-Deposition  and  Deep  Min- 
ing, by  W.  Lindgren  ;  Genesis  of  the  Lake  Superior  Iron  Ores,  by 
C.  K.  Leith  ;  The  Chemistry  of  Ore-Deposition — Precipitation  of 
Copper  by  Statural  Silicates,  by  E.  C.  Sullivan.  There  are  also 
sections  devoted  to  the  informal  discussion  of  topics  relating  to 
economic  geology,  to  reviews  and  to  scientific  notes  and  news. 

w.  E.  F. 

8.  Mmerals  in  Rock  Sections^  the  practical  methods  of  identi- 
fying Minerals  in  Rock  Sections  by  means  of  the  Microscope  ; 
by  Lka  McI.  Luqukr.  Revised  Edition.  147  pp.  New  York, 
1905  (D.  Van  Nostrand  Co.). — The  additions  and  changes  intro- 
duced in  the  revised  edition  of  this  useful  volume  (see  vol.  vii, 
319)  are  numerous  and  such  as  to  materially  increase  its  value 
for  the  practical  worker  with  the  microscope. 

III.    Miscellaneous  Scientific  Intelligence. 

• 

1.  Niftioufd  Academy  of  Sciences. — The  autumn  meeting  of 
the  National  Academy  was  held  at  New  Haven,  Conn.,  on 
November  14  and  15.  The  following  list  contains  the  titles  of 
papers  read  : 

John  Trowbridge  :  Slow  movementB  of  electrical  discharges. 

E.  B.  Wilson  :  Sex-determinations  and  the  chromosomes. 

L.  B.  Mendel  :  Studies  on  the  chemical  physiology  of  development  and 
groi^'th. 

W.  M.  Davis  :  The  Dwyka  glacial  conglomerate  of  South  Africa. 

B.  B.  BoLTWOOD  :  The  disintegration  products  of  thorium  as  indicated  by 
the  proportions  of  lead  and  helium  in  minerals. 
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A.  Hall  :  Relation  of  the  tme  anomalies  in  a  parabola  and  a  very  eccen- 
tric ellipse  having  the  same  perihelion  distance. 

S.  L.  Penfield  :  On  a  new  mineral  from  Borax  Lake,  California. 

F.  E.  Beach  :  On  errors  of  excentricity  and  collimation  in  the  hnman  eye. 

C.  S.  Peirce  :  The  relation  of  betweenness  and  Royce's  O-coUections. 

L.  P.  Wheeler  :  Some  problems  in  metallic  reflection. 

Franz  Boas  :  On  Pearson's  formulas  of  skew  distribution  of  variates. 

A.  Agassiz  :  On  the  variation  in  the  spines  of  sea  urchins. 

W.  H.  Brewer  :  Further  observations  on  sedimentation. 

H.  A.  BuMSTEAD  :  The  effect  of  Rontgen  rays  on  certain  metals. 

Recent  publications  of  the  Academy  are  as  follows : 

Memoirs,  Vol.  IX. — Monograph  of  the  Bombycine  Moths  of 
North  America,  including  their  Transformations  and  Origin  of 
the  Larval  Markings  and  Armature.  Part  II,  Family  Cerato- 
campidas,  Subfamily  Ceratocampinse  ;  by  Alpheus  Spring 
Packard,     149  pp.,  61  plates,  in  part  colored. 

Vol.  X,  No.  1. — The  Absolute  Value  of  the  Acceleration  of 
Gravity  determined  by  the  Ring-Pendulum  Method  ;  by  Cuarlbk 
E.  Mkndenhall.     Pp.  1-23,  3  plates. 

No.  2. — Claytonia  Gronov,  a  Morphological  and  Anatomical. 
Study ;  by  Theodore  Holm.     Pp.  25-37,  2  plates. 

No.  3. — A  Research  upon  the  Action  of  Alcohol  upon  the  Cir- 
culation ;  by  Horatio  C.  Wood  and  Daniel  M.  Hoyt.  Pp. 
39-68,  3  plates. 

2.  The  Geological  Society  of  America. — The  eighteenth  win- 
ter meeting  of  the  Geological  Society  will  be  held  at  Ottawa, 
Dec.  27-29,  in  the  House  of  Commons  Building  ;  this  is  by  invi- 
tation of  the  Logan  Club  of  the  Geological  Survey  of  Canada. 
President  R.  Pumpelly  will  preside.  The  Cordilleran  Section  of 
the  Society  will  meet  at  Berkele}'',  Cal.,  Dec.  29,  30. 

3.  A  Laboratory  Guide  in  Bacteriology ;  by  Paul  G.  Heine- 
MANN.  143  pp.  1905  (The  University  of  Chicago  Press). — This 
little  manual  of  140  pages  contains  clear  and  concise  directions 
for  a  thorough  course  of  laboratory  work  in  the  subject,  includ- 
ing the  preparation  of  culture  and  staining  media  and  the  col- 
lection, isolation,  and  method  of  studying  the  different  groups  of 
bacteria.  The  course,  as  outlined,  is  that  pursued  by  the  medical 
students  of  the  University  of  Chicago.  There  are  descriptions 
and  illustrations  of  practically  every  piece  of  apparatus  used  in 
the  laboratory.  Between  each  two  pages  is  a  blank  sheet  for 
notes  and  additions  to  the  text.  w.  r.  c. 

4.  British  Tunicata ;  by  Alder  and  Hancock,  edited  by 
the  Secretary  of  the  Ray  Society.  Vol.  I.  Ray  Society,  1905. 
Pp.  146,  with  20  plates. — This  long  delayed  monograph,  that  was 
begun  in  1855,  has  now  made  its  appearance,  more  than  thirty 
years  after  the  death  of  both  the  authors.  The  entire  work  will 
be  completed  in  three  volumes  and  will  contain  descriptions  and 
colored  illustrations  of  all  the  British  tunicates  known  up  to  the 
year  1873.  The  present  volume  contains  a  general  account  of 
the  anatomy,  physiology  and  relationships  of  the  class  Tunicata, 
together  with  extended  specific  descriptions  of  the  thirty  indige- 
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nous  species  of  the  genus  Ascidia.  Nearly  all  these  forms  are 
illustrated  by  beautiful  colored  drawings  by  the  authors.  There 
are  also  many  anatomical  figures.  w.  r.  c. 

5.  CaUdogus  Mammaliutn  tarn  viventium  quam  fassUiuni  a 
Doctore  E.-L.  Tbouebsart.  Quinquennale  Supplementnm  (1899- 
1904)  Fasciculus  IV.  Pp.  vii,  753-929,  Berlin,  1905  (R.  Fried- 
lander  &,  Sohn). — This  part  completes  the  Supplement  begun  in 
1904  (this  Journal,  xviii,  95)  and  gives  the  volume  contents  and 
index.  It  includes  the  Cetacea,  Edentata,  Marsupialia,  Alio- 
theria,  Monotremata. 

6.  Cantegie  Institution  of  Washington.  —  Recent  publica- 
tions, not  before  announced,  are  as  follows : 

No.  9. — The  Collected  Mathematical  Works  of  George 
William  Hill.  Volume  one.  Pp.  xviii,  363.  With  an  intro- 
duction by  M.  H.  Poincar6  and  a  portrait  (frontispiece). 

No.  35. — Investigations  of  Infra-red  Spectra.  Part  1,  Infra- 
red Absorption  Spectra  ;  Part  II,  Infra-red  Emission  Spectra ;  by 
William  W.  Coblextz.     331  pp.,  152  figures,  3  folded  plates. 

No.  36. — Studies  in  Spermatogenesis,  with  especial  reference  to 
the  "  Accessory  Chromosome  "  ;  by  X.  M.  Stevexs.  30  pp.,  7 
plates. 

No.  37. — Sexual  Reproduction  and  the  Organization  of  the 
Nucleus  in  certain  Mildews  ;  by  R.  A.  Harper.  104  pp.,  7 
plates. 

No.  41. — Traditions  of  the  Caddo,  collected  under  the  auspices 
of  the  Carnegie  Institution  of  Washington ;  by  George  A.  Dor- 
set.    136  pp. 

7.  A  Uandhook  of  the  Trees  of  California  ;  by  Alice  Cast- 
wooi).  Curator  of  the  Department  of  Botany.  Occasional  Papers 
of  the  California  Academy  of  Sciences,  IX.  86  pp.,  57  plates. 
San  Francisco,  1905. — The  scope  of  this  work  will  be  seen  from 
the  following  statement  quoted  from  the  preface  :  "  The  aim  has 
been  to  prepare  a  work  which,  while  giving  all  the  information 
necessary  for  the  identification  of  the  different  trees  of  our  val- 
Icvs  and  mountains,  will  be  so  brief  and  concise  that  the  entire 
matter  can  be  put  into  a  book  that  can  be  carried  into  the  field." 
The  description  of  species  are  quite  brief,  but  are  well  supple- 
mented by  a  series  of  57  excellent  plates. 

Obituary. 

Professor  Dkwitt  Bristol  Brace,  head  of  the  Department 
of  Physics  in  the  University  of  Nebraska  and  author  of  numerous 
physical  papers,  died  at  his  home  in  Lincoln,  Nebraska,  on  Octo- 
ber 2,  in  his  forty-seventh  year. 

Professor  Ralph  Cop  eland.  Astronomer  Royal  of  Scotland 
and  Professor  of  Astronomy  in  the  University  of  Edinburgh, 
died  on  October  27,  at  the  age  of  sixty-eight  years. 

Dr.  W.  VON  Bezold,  Professor  of  Physics  and  Meteorology 
at  the  University  of  Berlin  and  Director  of  the  German  Meteoro- 
logical Institute,  died  early  in  October,  in  his  sixty-ninth  year. 
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319. 

Aluminium,  iodometric  determin- 
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97. 
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Ferric  sulphate  solutions,  hydroly- 
sis of,  Recoura,  320. 

Gold,  separation  from  platinum 
metals,  Jannasch  and  von  Mayer, 
320. 

Helium  from  radium  emanation, 
Himstedt  and  Meyer,  399. 

Hydrogen,  liquid,  and  air  calorim- 
eters, Dewar,  152  ;  nascent,  dif- 
fusion through  iron,  Winkleman, 
400. 

Iron,  new  compound,  Hauser,  460. 
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CHEMISTRY  continued.  Dewar,  J.,  liqaid  hjrdrogen  and  air 

calorimeteis,    152 ;    thermcM^lectric 
Neon  and  helium  in  the  air,  fiam-       junction  for  determining  tempera- 

Mkv,  65.  tores,  153. 

—  krypton  and  xenon,  new  method 

of     detecting,     Valentiner     and  *^ 

Ni|^^e^^entfor,Techngaeif,    I^Tt^^^^SL.'^- o^T^^^ 
Nitj  fluoride,  Raff  and  Staober,    E,trtricity,  side  discharge  of.  Trow- 

Ozone,    lormation    by    oltra-violet  El^roTvtic      dissociation      theorv 

light,  Fischer  and  Braemer,  397.  *^'^J^i^*5  tji    ^!S  ^    tneorr, 

Pre^pitates,  handling  of,   G;>och,  Talbot  and  Blanchard,  3d8. 

11.  P 
Radiam.    See  Radium. 

Solution,  new  heavy,  Duboin   319.  pairchild,  H.  L.,  ice  erosion  theory, 

Strontium,    atomic    weight,   Rich-  ^^  fallacy   164 

ards,4«l.                    .,,^ui-     .  FddsparV.  see  MINERALS. 
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tincT  cathode  455 

Zinc    sulphide,     phosphorescence,  Forestry,  repcJrt  for  Minnesota,  1904, 

Baskerville  and  Lockhart,  95.  167                                               »        -» 

^.       .  ^         _     .  ^  ...  Fossils,  see  GEOLOGY. 
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York,  Ta^ot,  17.  Canada,  1904,  464. 
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Daly  R.  A.,  secondary  origin  of 
grniiiteH,  185. 

Dart  on,  N.  H.,  age  of  Monument 
Creek  formation,  178  ;  geology  and 
water   resources   of   Central   Great 


Geological    Society     of     America, 
!      Ottawa  meeting,  469. 

GEOLOGY. 

Baptanodon,    osteologv,     Gilmore, 
403. 


Plaius,  70.  Bingham    mining    district,    Utah, 

Davison    C,    Recent    Earthquakes,  ;         geology,    Boutwell,     Keith    and 


163. 

Day,   A.    L.,   thermal  properties  of 
feldspars,    72. 


Emmons,  466. 
Cambrian   faunas  of  India,    Wal- 
cott,  404,  405. 
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GEOLOGY  continued. 

Cambrian,  Lower,  fauna  of,  Portu- 
gal, Delgado,  159. 
Ceratopsia,   two    new,    Wyoming, 

Hatcher,  413. 
Chazy  limestone,   fauna  of,    Ray- 
mond, 353. 
Clays    of  Connecticut,    Loughlin, 

408. 
Daemonelix,   origin  of,     Peterson, 
465. 

Diceratops,    restoration.    Lull,  420. 

Faults,  overthrust,  in  central  New 

York,  Schneider,  308. 
Fenestella,  development,  Cumings, 

169. 
Fossil     Invertebrates,     Catalogue, 
U.  S.  Nat.  Museum,   Schuchert, 
405. 
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455. 

—  spectra,  effect  of  pressure  on, 
Petavel  and  llutton,  16,  471. 

Argentine  Republic,  Meteorologi- 
cal Atla^s,  Detachaux,  12,  88. 

Argentino-Chilian  Boundary,  15, 
331. 

Argon,  see  CHEMISTRY. 

Arizona,  Dinosaur  footprints, 
Kigjrs,  17,  423. 

—  geology  of  Biftbee  quadrangle, 
Ransonie,  18,  237;  Globe  Copper 
district,  18,  157;  of  Little  Colo- 
rado valley,  Ward,  12,  401. 

—  minerals  from,  Lindgren  and  Hil- 
Icbrand,  18,  448. 


Arizona,    petrography    of    Tucson 

Mts.,  Guild,  20,  313. 
Arkansas,  Geol.  Sur\'ey,  vol.  v,  12, 

78. 

—  zinc  and  lead  deposits,  Adams 
and  Ulrich,  18,  394,  470. 

Armagnat,  H.,  Electrical  Measure- 
ments, 13,  473. 

Ascutney  Mt.,  Vermont,  geology, 
Daly,  16,  267. 

Ashley,  R.  H.,  oxidation  of  sul- 
phites by  iodine,  19,  237;  estima- 
tion of  sulphites  by  iodine,  20,  13. 

Association,  American,  meeting  at 
Denver,  1901,  12,  174,  323;  Pitte- 
burg,  1902,  13,  415,  14,  16C; 
Washington,  1902,  14,  469;  St. 
Louis,  1903,  16,  475,  17,  182; 
Philadelphia,  1904,  19,  92. 

—  British,     meeting     at     Glasgow, 

1901,  12,   324,   13.  416;     Belfast, 

1902,  14,  318;    Cambridge,   1904, 
18,  320. 

Astronomical  Observatory,  see  Ob- 
servatory. 

Astrophysical  Observatory  at 
Washington,  work  of.  Abbot,  u, 
401;    Langley,  11,  403,  473. 

Atmospheric  air,  see  Air. 

—  electricitv,  effect  of  air  move- 
ments  on,  Linke,  13,  156. 

— radiation.  Very  on,  Hallock,  n, 
230. 

Auroras,  yearly  variations  of  mag- 
netic storms  and,  N.  and  W.  J.  S. 
Lockyer,  18,  309. 

Austin,  M.,  double  ammonium 
phosphates  in  analysis,  14,  156. 

Australia,  Western,  G^ol.  Survey, 
II,  390,  13,  413,   17,  249. 

B 

Bacteriology,  Heinemann,  20,  409. 

Bacubirito,  the  great  meteorite  of 
Sinaloa,  Mexico,  Ward,  14,  316. 

Bahama  Islands,  19,  465;  fossils 
of,  Dall,  19,  465;  medusie  of, 
Mayer,  18,  161. 

Bailey,  E.  H.  S.,  Qualitative  An- 
alysis, 12,  462,  20,  461. 

Bailey,  L.  H.,  Elementary  Botany, 
II,  250. 

Bain,  H.  F.,  Illinois  zinc-lead  de- 
posits, 19,  457. 

Baker,  T.  J.,  copper  and  zinc  alloys, 
II,  237. 

Baldwin,  J.  M.,  Development  and 
Evolution,  15,  88. 


Balfour,  A.  J,,  new  theory  of  mat- 
ter, 19,  293. 

Barbour,  -K.  H^  ealcite-aand  crys- 
tal, 14.  451. 

Barker,  G,  F..  ridioartivity  of  tho- 
rium raiueroU,  16,  161. 

Barkla,  C.  G.,  polarized  Rijntgen 
radiation,   ig,  Wl, 

Barlow,  A.  E..  Sudhury  mining 
district,  Ontnrin,   iq,  :i;il. 

Bamett,  S.  J.,  E'leetromagnelic 
Theorj-,  17,  Oij. 

Bamett,  V.  H.,  new  dike  at  Ithaca, 
N.  Y.,  19,  210. 

Barrel!.  J.,  physical  effects  of  con- 
tact metamorphism.  3,  2711;  re- 
cent Btudies  of  the  moor,  18,  314; 
notice  of  Van  Hise  on  nictamor- 
phism,  ig,  251. 

Barton,  G.  H.,  Elementary  Lith- 
ologj",  13,  400- 

Barus,  C,  apparent  hysteresis  in 
torsional  mag:ietoBtriction,  n, 
97 ;  velocity  of  the  ioni7^  phos- 
phorus emanation,  11,  237 1  phos- 
phorus emanation  in  spherical 
coudensBra,  11,  3  (f. 

—  on  temporary  set,  ifl,  247;  effect 
of  ti'mpt'ralure  and  moisture  on 
the  emanation  of  phosphorus,  13, 
327. 

—  coronas  of  cloudy  condensation, 
etc.,  13,  81;  llower-like  distortioiv 
of  coronas,  44c..  13,  SOB:  possi- 
bility of  a  en  loidal  state  of  gases, 
13,  400;    size  of  nuclei,  13,  473. 

—  velocitv  and  stniclnre  of  the  nu- 
cleus, '14,  'US;  ionization  of 
nuclei,  14,  450. 

—  ionization  of  nnt^r  nuclei,  15, 
105;  ionization  of  watpr  and 
phosphorus  nuclei,  15,  217;  aper- 
tures of  coroniis,  15,  335;  diffu- 
sion of  vapor  into  nucleated  air, 
15,  47-2. 

—  Constanta  of  coronas,  16,  320. 

—  nuclei  prmlueed  liy  shakinf;  dif- 
ferent lifiuids,  17.  81;  inicromet- 
ric  meaHiire-iiiPiit  of  fog  particles. 
r7,  100;  denuclenting  cllect  of 
rotation  in  eise  of  air  stored  over 
Vkntet,  17.  :f')2, 

distribution  t'f  nuclei,  produced 
by  theXrays,  19,  17-">i  lar^-e  and 
email  coroniis,  iq,  ;(41>. 

—  grOMps  of  effipicnt  nuclei  in  dust- 
free  air,  30,  2!>7;  ions  and  nuclei 
in  dust-fi"eP  air,  30,  448. 
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Baskerville,  C,  spodumene  from 
CaTifomia,  16,  335;  action  of  ul- 
tra-violet lifilit  upon  rare  earth 
oxides  16,  405. 

—  effects  on  rare  earth  oxides  of 
radium- barium  compounds,  17, 
70. 

—  kunzite,  18,  35. 

—  phospho  re 'pence  of  zinc  sulphide, 
30.  1)3;  action  of  radium  emana- 
tions on  minerals,  so,  05. 

BatCBi  L.  W.,  Panama  canal  pro- 


^auer,  M.,  Mineralojjie.  17,  406. 
Bayley,    W.    S.,   "Menominee   iron- 

bi-iiring  district  of  Michigan,   17, 

400. 
Becker,  r«ck  cleavage,  so,  407. 
Becquerel  rays,  11,  303. 

—  Seo  radio-active. 
Beebe,  S.  P.,  Physiological  Chemie- 


I   the 

Cambrian 'iif  l\[is,.)iiri,  13,  384; 
Tentral  integument  of  triloMtes, 
13,  185;  the  genus  Romingeria, 
16,  1 ;  new  Permian  Xiphosuran 
from  KanSBs.  18,  2.1. 

—  Obituarv  notiir  Uv  Charles  Schu- 
chert,  17,  411. 

Belknap  Mta..  N.  H.,  geology,  Firs- 
son  ;iii.l  Wii-liiii^'Mii,  so.  344. 

Bell,  "W.  T„  ri->iKii>i]"ii-  of  Ottawa 

r,,,,  Kui,~n-.  II,  315. 
Benton,  J.  E.,  experimental  method 

in    the   flow   of    solids.    13,    207; 

properties      of      catgut      musical 

strings,  so.  383,  4152. 
Bergen,  J.  Y.,  Foundations  of  Bot- 

Bergeti   A..   ni;i'piqiie   dn   Globe  et 
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Bermuda,  luidil  ic>iL=  to  Avifauna, 
A.  Hvatt  Verrill,  13,  04,  470; 
Ascidi'ans.  W.  G.  Van  Name,  14. 
74 ;  death  of  fishes  in  1001,  Ver- 
rill, IS,  88:  fauna,  11,  32C,  330, 
A.  E.  Verrill,  13,  327;  iaopoda, 
Richardson.  13,  328 ;  spiders  and 
mile,',  Banks,  13,  328;  zoology, 
A.  K.  Verrill.  15.  333. 

—  and  the  Challenger  Expedition, 
Cole.  13.  32fl. 
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Bermuda  Islands,  descriptive  work 
on,  A.  E.  Verrill,  15,  332. 

Blares,  Fabrication,  Moreau  and 
L^vy,  20,  1C8. 

Bigclow,  F.  H.,  magnetic  theory  of 
tno  solar  corona,  n,  253. 

Billinss  meteorite  from  So.  Mis- 
souri, Ward,  ig,  240. 

Bingham  mining  district,  Utah, 
economic  geologj^  20,  466. 

Biological  Variation,  Statistical 
Methods,  Davenport,  18,  401. 

Bi-prism,  interference  with,  Mc- 
Clellan,  iq,  204. 

Birches,  relationship,  Fernald,  14, 
166. 

Birds,  see  ZOOLOGY. 

Bitumen,  occurrence,  Morgan  and 
Tallmon,  18,  363. 

Bituminous  deposits  of  Cuba,  Peck- 
ham,  12,  33. 

Black  Hills,  geology  and  water  re- 
sources, 13,  68;  lawoliths,  Jag- 
gar,  13,  160,  14,  389;  mineral 
wealth,  13,  474. 

Blake,  J.  C.,  estimation  of  bromic 
acid,  lA,  285;  some  isomorphous 
triple  thiocyanates,  16,  12;  colors 
of  allotropic  silver,  16,  282;  col- 
loidal gold,  16.  381;  Bredig's  sil- 
ver hydrosols,  16,  431 ;  red  col- 
loidal gold  solutions,  16,  433. 

Blake,  W.  P.,  iodobromite  in  Ari- 
zona, IQ,  230. 

Blondlot^  Emission  pesante,  20, 
400. 

—  see  N-Rays. 

Blondlot's  N-rays,  Lummer,  17, 
174. 

Bolivia,  mastodon  remains,  Pom- 
pe<kj,  20,  465. 

Bolton.  H.  C,  Chemical  Bibliog- 
raphy, 12,  89,  18,  474. 

—  obituary,  16,  475. 

Boltwood,  B.  B.,  chemical  analysis 
by  electrolysis,  16,  100. 

—  ratio  of  radium  to  uranium  in 
minerals,  18,  97;  radio-actiWty 
of  natural  waters,  18.  378. 

—  radium  and  uranium  in  radio- 
active minerals,  20,  55;  radio- 
active waters,  Hot  Springs,  Ark., 
20,  128;  disintegration  products 
of  radio-active  elements,  20,  253; 
prwiuction  of  radium  from  ura- 
nium, 20,  239. 

Borchers,  W.,  Elektro-Metallurgie, 

17,  «7. 
Boston    Basin,    clays.    Brown,    14, 

445. 


Boston  Basin  geology,  Crosby,  n, 

324. 
Botanisches   Centralblatt,   13,  327. 

BOTANICAL   WORKS— 

African    plants    collected   by    Dr. 

Welwitsch     in     1853-61,     cata- 

i  logue,  Hiem,   u,   249,   12,   324. 

Alga?,   British   Freshwater,   G.    S. 

West,  18,  472. 
Botanical  Survey  of  San  Jacinto 

Mts.,  Hall,  15,'  87. 
Botanv  all  the  Year  Roimd,  An- 

drews,  ic,  334. 
Botany,    Elementary,   Bailey,    u, 

250. 

—  Foundations  of,  Bergen,  n,  248. 

—  Studies  in  Fossil,  Scott,  u, 
471. 

Cellulose,  researches  on.  Cross  and 
Bevan,  13,  161. 

Coffee  plant,  diseases  and  enemies, 
Delacroix,  n,  92. 

Desmidiacen*,  British,  W.  West 
and  O.  S.  West,  18,  473. 

Flora  of  California,  Jepson,  n, 
471 ;  of  Cheshire,  Moore,  n^ 
398 ;  of  Grand  Rapids,  Mich., 
Cole,  II,  472;  of  the  Philip- 
pines, Perkins,  17,  481;  of  the 
South  Fork  of  Kings  River, 
Eastwood,  15,  86;  of  Vermont, 
Brainerd,  Jones  and  Eggleston, 
II,  249;  of  West  Middle  Cali- 
fornia, Jepson,  II,  471. 

Fungus  Diseases  of  Stone-Fruit 
Trees    in    Australia,    McAlpine, 

15.  i-JS- 

Milchsaft     und     Schleimsaft     der 

Pflanzon,  ^folisch,  12,  87. 
Oedogoniaceir,  Him,  11,  93. 
Phycologia         Boreali- Americana, 

Collins,    Setohell    and    Holden, 

15,  239. 
Plankton  des  Xorwegischen  Xord- 

me<»res.  Gran,  15,  240. 
Plant    Life    and    Structure,    Den- 

nert,  n,  250. 
Plant  Life  in  Alabama,  Mohr,  13, 

79. 
Trees  of  California,  Eastwood,  ao, 

470. 
Umbollifer«»,  No.  American,  Coul- 
ter and  Rose,  n,  247. 
See  also  BOTANY. 
BOTANY— 
Alpine    plants    from    Tibet    and 

Andes,    Hemsley    and    Pearson, 

13.  479. 
Anemiopsis  califoraica,  Holm,  19, 

76. 
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BOTANY— 

Birclies,  relationships  of  some 
American  and  Old  World,  Fer- 
nald,  14,  107. 

Botanic  Garden,  Harvard  Memo- 
rial Greenhouses,  13,  162. 

Botanical  Publications  at  Manila, 
17,  482. 

Cocos  nucifera,  anatomy  of,  Win- 
ton,  12,  265. 

Croomia  pauciflora,  Holm,  20,  50. 

Cycads,  American  fossil,  W'ieland, 
II,  423,  18,  445;  Mesozoic, 
Nathorst,  ic,  85. 

—  living  Zamias  of  Florida,  Wie- 
land,  13,  331. 

Cyperacea»,  studies  in,  Holm,  No. 
XV,  II,  205;  No.  xvi,  14,  57; 
No.  xvii,  14,  417;  No.  xviii,  15, 
145;  No.  xix,  16,  17;  No.  xx, 
16,  445;  No.  xxi,  i^j  301 ;  No. 
xxii,  18,  12;  No.  xxiii,  18,  301; 
No.  xxiv,  20,  301. 

Erigenia  bulbosa.  Holm,  n,  63. 

Fossil  plant  from  Illinois,  Sel- 
lards,  14,  203. 

Garden  in  Cuba,  experimental,  At- 
kins, 16,  105. 

Gramin^*es,  Recherchea  sur  les, 
Gu6riu,  13,  478. 

Grasses  of  fowa,  Pammel,  Weems 
and   Lamson-Scribner,    13,   244. 

Horticultural  experiments,  at  the 
Harvard  station  in  Cuba,  13, 
325,  16,  105,  18,  91. 

Mass  action,  relation  to  toxicity, 
Dandeno,   17,  437. 

Orchidea*,  root  structure  of  North 
American,  Holm,  18,  197. 

Plant  growtli,  relation  to  ioniza- 
tion, Phnvuian,  14,  129. 

Plants,  electromotive  force  in, 
Plo^\^nan,   15,  94. 

Plants,  van  Tioghem's  classifi- 
cation of,  13,  326. 

Platydorina,   Kofoid,    n,   94. 

Roots,  elect  rot  ropism  of.  Plow- 
man, 18,  145,  228. 

Sclerotiniao,     Woronin,     n,     94. 

Spormatop]i\i:a  of  North  Dakota, 
Bolley    and    Waldron,    n,   398. 

Triadenum  virprinicum  (L. )  Rafin. 
Holm,  16,  309. 

Water  in  trees,  ascent  of,  Ewart, 
19.  468. 

Zamias  of   Florida,   Wieland,   13, 
331. 
Bdttger,  W,,   Grundriss  der  quali- 
tativen  Analyse,  14,  65. 


Bojrnton,  W.   P.,  Applications  of 

Kinetic  Theory,  18,  86. 
Boys     radiomicrometer,    Hutchins, 

15,  249. 

Brace,  D.  B.,  laws  of  radiation  and 
absorption,  13,  412. 

—  obituary  notice,  20,  470. 
Branner,  J.   C,  fossil  remains  of 

mammals  in  Brazil,  13,  133; 
geology  of  Hawaiian  Islands,  16, 
301 ;  peak  of  Fernando  de  Nor- 
onha,  16,  442. 
Brazil,  fossil  remains  of  mammals 
in,  Branner,  13,  133;  geol.  Bibli- 
ography, Branner,  17,  406. 

—  manganese  deposits  of  Minas 
Geraes,  Derby,  12,  18;  monazite 
from,  Derby,  13,  211;  palladium 
and  platinum  in,  Hussak,  19,  397; 
topaz  in,  Derby,  n,  25. 

Bredig's    silver    hydrosols,    Blake, 

16,  431. 

Brewer,  W.  H.,  obituary  notice  of 

J.  W.  Powell,  14,  377. 
Brinton,    D,    G.,    Basis    of    Social 

Relations,  13,  416. 
British  Museum  Catalogues,  Birds, 

Sharpe,  12,  89,    13,  329,    16,  400; 

Ogilvic-Grant,  19,  472. 

—  Birds  Eggs,  Gates,  13,  329,  14, 
469,  20,  412;  Gates  and  Reid,  16, 
400. 

—  Fossil  Fishes,  Woodward  13,  329. 

—  Jurassic   Flora,   Seward,    12,   89. 

—  Lepidoptera  Phalfena>,  13,  329, 
19,  472. 

—  Met*H)rites,  Fletcher,  18,  398. 

—  Orthoptera,  Kirby,  19,  332. 

Bronson,  H.  L.,  transverse  vibra- 
tions of  helical  springs,  18,  69; 
radio-active  measurements,  19, 
185;  effect  of  temperature  on  rate 
of  decay  of  radium  deposit  20,  60. 

Brooklyn  Institute,  science  bulle- 
tins, 19,  473. 

Brown,  J.,  hydrochloric  acid,  etc., 
in  presence  of  ferric  chloride  19, 
31. 

Brown,  R.  M.,  clays  of  Boston 
Ba^in,  14,  445. 

Brown,  T.  C,  T»wer  Tertiary  fauna 
of    Cliappaquiddick    Is.,    20,    229. 

Browning,  P.  E.,  estimation  of 
caesium  and  rubidium,  12,  301. 
eerie  chromate,  15,  177. 

Briickner,  E.,  die  Alpen  im  Eiszcit- 
alter,   14,   315,    15,   238,   20,   407. 

Brush,  C.  F.,  gauge  for  measure- 
ment of  small  pressures,  13,  456. 
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Btimstead,  H.  A^  reflection  of  elec-  Canadian  Roddies.  glaci&I  studies, 
trie  wave*,  i^  359.  Scherzer,  ao,  80. 

—  obituary  notice  of  J.   W.  Gibbs,  Cape    Colony,   Geology,  Rogers,  ao, 
zo,  loi  ;  radio-active  gas  in  sur-         163 

fa«r  water,  i6,  328.  Cape  of  Good  Hope,  GeoL  Com- 

—  radH^^active    ^s    from    80il    and        mission,  1898-1 899rik  413;  1900- 
water  at  New  Haven,  17, 97.  i9o.>    ,-    177  »    *         » 

-atmospheric  radio^activity,  18,1.  CaraWte,'  earlv    stages    of.    Dim- 
Bnrbank,  J.  E.,  surface  tension  and       „ock  and  Knib,  ig;2e4. 

B^^ri^'' J?  tuMeolous   amielid,  "^J^^r,  ^''J^'^™^''- ..  11 

from  Pacftii,  20,  75.  —compounds,  spectrum,  Smithella. 

Bush,  L.  P^  dates  of  publication  of  ^  " '  "*  .  '      .^      , 

certain    genera    of    fossil    verte-  Carbonic  acid,  ultra-red  spectrum. 

brates,  16,  96.  Schaefer,  19,  245. 

Buxton,  B.  H^  Physiological  Chem-  Carborundum  in  a  meteorite,  Moiar 

istrj',  19,  196.  8an»  19,  191»  323,  396. 

Carnegie   Institution,  Washington, 

C  Year  Book  No.  1,  15,  491;  No.  2. 

Cady,  H.  P.,  QuaiiUtive  Analysis,        I7»  1^3;  Publications,  19,  472,  ao. 

12,  462,  30,  461.  80,  411,  470;  Observatory  at  Mt. 

Calculus,  SmUh,  13,  480.  Wilson,  19,  472,  20,  80. 

California,  Berkeley  Hills,  geology,  Carolinas,  tin  deposits  of,  Sterrett 

Lawson  and  Palache,  13,  322.  and  Pratt,  20,  75. 

—  Bragdon  formation,  Diller,  19,  Catalogue  of  Scientific  Literature, 
379.  14,  317,  15,  490,  i7,  94. 

—  botanical  survey  of  San  Jacinto  Catalogues,  British  Museum. 
Mts.,  Hall,  15,  87.  See  British  Museum. 

—  Cretaceous  in  14,  33.  Cathode,    rotating,    use   of,   Gooch 

—  flora  of  Kings  River,  Eastwood,  and  Medway,  15,  320;  Medway, 
15,  86.  18,  56,   180;   Flora,  20,  268,  392, 

—  Klamath  Moimtain  section,  Dil-        455. 

ler,  15,  237,  342.  —  for  estimation  of  cadmium  Flora, 

—  marine  Pliocene  and  Pleistocene        20,  268,  392,  455. 

of  San  Pedro,  Arnold,  17,  92.  — ligbt,    spectra   of    nitrogen     and 

—  mineralogy  of,  Eakle,  13^  73.  carbon  compounds  in,  Deslandres, 

—  and   Nevada,  Triassic   Ichthyop-        16,  391. 

terygia  from,  Merriam,   14,  467.  —  radiations,  investigated  by  phos- 

—  Quaternary      history,      Hershey,        phorescence,  Lenard,  16,  391. 

14,  71.  ;  — rays,  chemical  action  of,  Schmidt, 

—  river  terraces  of  Klamath  region,        13,  318. 

Hershey,  16,  240.  1 emission  theory,  Seitz,  12,  389. 

—  San   Louis   folio,   Fairbanks,   18, effect  of  ultra-riolet  light  on, 

238.  Lenard,  14,  67. 

Campbell,    H.    D.,    meteoric    iron laws  of  velocity,   Gehrcke,  14, 

from  Virginia,    15,    409;  Cambro-        67. 

Ordovician  limestones  of  Virginia, radio-activity      imparted      to 

20,  445.  certain      salts,      by,     McLennan, 

Campbell,    M.    R.,    Latrobe    folio,        13,  240. 

Penn.,  18,  394.  velocity    in    passing    through 

Canada.  altitu(k»s  in,  White,  17,  484.        met^illic   layers,   Hertz   and   Leitr 

—  explorations  of  James  Bay,  Dowl-        hailser,   18,  464. 

in^',   18,  469.  — space,    dark,    Schmidt,    16,    391. 

—  (ieolopcal   Survey,  see  Geologi-  — See  X-Rays. 

cal  Reports.  Celebes,  igneous  rocks  from  13,  413. 

—  minerals  of,  Hoffmann,  n,  149.  Celestite  Syracuse,  N.  Y.,  Kraus, 
12,  447,  13,  242,  ig,  319;  Ontario,  18,  30;  rocks  containing,  Kraus, 
Miller,   11,  240.  19,  286. 

Canadian  Paleozoic  corals,  revision  Cells,  chemical  organization  of,  Hof- 
of  the  genera,  Lambe,  12,  79.  meister,  13,  241. 
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Challenger    Expedition,    Bermuda, 

Cole,  13,  329. 
Chalmers,  R.,  origin  of  shore  lines 
of   St.  Lawrence  \*alley,   18,   175. 
Chamberlin,  T.  C,  Geology,  17, 480. 
Chant,  C.  A.,  skin-effect  in  electri- 
cal  oscillators,    13,    1;    variation 
of  potential  along  a  wire  trans- 
mitting   electric    waves,    15,    54; 
variation    of   potential   of  trans- 
mitting     antenna      in      wireless 
telegraphy,    17,    1 ;    reception    by 
wires  of  electric  waves,   18,  403. 
CHEMICAL    WORKS— 

Chemical  Analysis,  Fresenius  and 
Cohn,  17,  172;  Prost  and  Smith, 
ig,  453. 

by  Electrolysis,  Classen  and 

Boltwood,  16,  100. 

Qualitative,       Bailey       and 

Cady,  12,  462;  20,  461.  McGre- 
gory,  17,  397;  Noyes,  12,  462; 
Perkin,  12,  76;  Sellers,  11,  164. 
Proscott  and   Sullivan,   14,  65. 

—  Arithmetic,     Wells,     20,     399. 

—  Calculations,    Wells,    17,    173. 

—  Engineer,  ig,  204. 

—  Laboratory  of  Sheffield  Scien- 
tific School,  Studies  from, 
Wolls,  13,  63. 

Chemie  der  Eiweisskorper,  Cohn- 
heim,  18,  83. 

—  Lehrbueh  der  Allgemeinen, 
Ostwald,  14,  457. 

—  physikaliselie,  der  Zelle,  etc., 
Hiiber,  15,  80. 

Chemische  Physiologic  \md  Pathol- 
ogie,  Hofmeister,  12,  474,  13, 
242,  412,  471,  14,  69,  398,  15. 
235,  479,  17,  96,  331,  18,  402, 
20,  168. 

Chemisches  Praktikum,  Wolfrum, 
14,  385,  16,  101. 

Chemistry,  Analytical,  Classen, 
n,  319,  16,  390;  Ostwald,  u, 
466 ;  Treadwell,  vol.  i,  15,  479, 
vol.  ii,   18,  82. 

—  Bibliographv  of,  Bolton,  12, 
89,  18,  474. " 

—  Conversations  on,  Ostwald,  ig, 
324. 

—  Elementarv,  Clarke  and  Den- 
nis,  14,  305. 

—  Engineering,  Stillman,  20,  398. 

—  Inorganic,  Ostwald,  17,  396; 
Gooch  and  Walker,  20,  66. 

—  Introduction  to  Modern  Scien- 
tific, Lassar-Cohn,  11,  319. 

—  Organic,  Ijcffman  and  La  Wall, 
ig,  325. 


CHEMICAL   WORKS— 

Chemistry,  Physical,  Cohen,  15, 
326;  Jones,  13,  317;  Van'tHoff, 
16,  390;  LalJoratory  Exercises 
in,  Getman,  18,  82. 

—  Physiological,  Beebe  and  Bux- 
ton, iQ,  196;  Long,  20,  399. 

—  School,  Avery,  ig,  84. 
Electro-Chemistry,  Jones,  13,  241. 
Grundriss   der  qualitativen  Ana- 
lyse, Bottger,  14,  65. 

Potash  Salts,  Groth,  15,  80. 
Thermochemistry  of  alloys.  Baker, 

12,  460. 
CHEMISTRY— 

Acetylene,  combustion  in  air  with 

oxygen,  Bourgerel,  u,  87;  heat 

of  dissociation  and  combustion 

of,  Mixter,  12,  347. 
Acid  nitrates,  Wells  and  Metzger, 

12,  460. 

—  solutions,  methods  of  standard- 
izing, Hopkins,  12,  461. 

Actinium,  gases  from,  Debieme, 
20,  319. 

Air  in  blast-furnaces,  use  of  dried, 
Le  Chatelier,  ig,  192. 

Alcohol,  action  on  metals,  Malm6- 
jac,  II,  394. 

Alkaline  carbonates,  Lebeau,  17^ 
244. 

Aluminium,  iodometric  deter- 
mination, Moody,*  20,  181. 

—  double  silicides  of,  Manchot 
and  Kieser,  ig,  243. 

—  oxides,  spectrum,  u,  467. 
Ammonia,  conversion  into  nitrites, 

Traube  and  Biltz,  18,  461. 

—  in  water,  process  for  detecting, 
Trillot    and    Turchet,    ig,    323. 

Ammonium,  existence  of,  Ruff, 
12,  387. 

—  amalgam,  Coehn,   11,   163. 

—  bromide,  Scott,  11,  317. 

—  chloride,  action  on  silicates, 
Clarke  and  Steiger,   la,  27. 

—  cyanate,  Walker  and  Wood, 
12,  75. 

—  phosphates  in  analysis,  Austin, 
14,  156. 

—  vanadat<?,  precipitation,  Gooch 
and  Gilbert,  14,  205. 

Anhydrous  hydrosulphites,  Mois- 

san,  15,  234. 
Aniline     and     analogous     bases, 

Sabatier  and  Senderens,  12,  387. 
Antimony    pentachloride,    double 

compounds   of,   Rosenheim   and 

Stellman,  12,  460. 
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CHEMISTRY— 

Antimony,    salt   of    quadrivalent. 

Wells  and  Metzger,  12,  389. 
—  yellow,    Stock   and    Guttmann, 


17. 


395. 


Argon  and  its  companions,  Ram- 
say and  Travers,  u,  166;  in 
the  atmosphere,  Moissan,  16, 
408;  viscosity  of,  Schultze,  12, 
76. 

Arsenic  in  animal  organism,  Ber- 
trand,    14,   383. 

—  antimony  and  tin,  qualita- 
tive separation,  Walker,  15, 
324. 

—  new  method  for  determination. 
Gautier,  16,  467. 

—  pentachloride,  Baskerville  and 
Bennett,  ic,  324. 

Atomic  weights,  method  of  deter- 
mining,   Benoist,    11,    464. 

Auto-oxydation,  EnglerandWelss- 
bcrg,  18,  474. 

Bariimi  bromide,  precipitation  by 
hvdrobromic  acid,  Thome,  18, 
441. 

Basic  lanthanum  acetate  and 
iodine,  blue  color,  Biltz,  17, 
305. 

Beryllium,  atomic  weight.  Par- 
sons, 18,  304. 

—  notes  on  quantitative  spectra 
of,  Hartley,  13,  156. 

—  with    organic    acids,    Lacombe, 

13,  471. 

Bismuth,  radio-active,  Marckwald, 

14,  303. 

—  lead  sulphide-halides,  Ducatte, 

14,  64. 

Boric  acid,  gravimetric  method 
for  t»stimation  of,  Partheil  a«d 
KoHo,  13,  61;  solubility,  Hertz, 

15.  -•^5- 

Brurnic  acid,  estimation  of,  Gooch 

and  Blake,  14,  285. 

Bromides,  typical  hydrous,  Krei- 
der,  20,  97. 

Burette  floats,  use  of,  Kreitling, 
13,  471. 

Cadmium,  estimation  of  by  rota- 
ting cutho<le.  as  sulphate.  Flora, 
20,  2()8 :  a-s  chloride.  Flora,  20, 
302;  nitrate,  20,  454;  as  oxide. 
Flora,  20,  457. 

Ctpsium.  atomic  weight.  Richards 
and  Archibald,   15,  415. 

—  iodides.  F(X)te,  16,  100. 

—  an<l  rubidium,  etc.,  estimation 
of.  Browning,  12,  301. 


CHEMISTRY— 

Cfipsium  and  thorium,  double  chlo- 
rides,   Wells  and  Willis,  12,  191. 

Ca>sium-antimonious  fluorides. 
Wells    and    Metzger,    n,    451, 

Caesium-tellurium  fluoride.  Wells 
and  Willis,  12,  190. 

Calcium,  atomic  weight,  Hinrich- 
sen,  13,  154;  metallic,  Arndt, 
19,  191. 

—  carbide,  use  in  mining,  Gued- 
ras,  ig,  244. 

—  cvaniunide,  use  of  Erlwein, 
16,  388. 

—  silicide,  Moissan  and  Dilthey, 
13.  410. 

—  strontium  and  barium,  estim- 
ation, Peters,  12,  216. 

Carbides,  metallic,  Moissan,  13, 
238. 

Carbon,  action  upon  lime,  Mois- 
san, 17,  396;  combustion  of 
three  varieties  of,  Moissan,  15, 
155 ;  and  its  heat  of  combustion, 
Mixter,  ig,  434;  non-existence 
of  trivalent,  Norris,  u,  236;  in 
steel,  LelTler,  13,  409;  Sargent, 
15,  326;  transformation  into 
diamond,  Ludwig,   14,  455. 

—  compounds,  molecular  weights 
of  some,  Speyers,  13,  213; 
solubilities  of,  Speyers,  14, 
293;   spectrum,  u,  466. 

—  dioxide,  action  on  the  borates 
of  barium,  Jones,   14,  49. 

—  silicide  in  meteorite,  Moissan, 
ig,  101,  323,  396. 

Carolinium,    a    new    element,    12, 

462. 
Caro's  acid,  composition  of,  Bae- 

yer  and  Villiger,  12,  73. 
Cells,    chemical    organization    of, 

Hofmcister,    13,    241. 
Ceric    chromate.    Browning     and 

Flora,  15,  177. 
Cerium,  Drassbach,  11,  236. 
Chemical    combinations,    probable 

source  of  heat,  Richards,  14,  64. 

—  reactions,  velocity  of,  Duane, 
II,  340. 

Chloric  acid,  determination,  Hen- 
drixson,  18,  308. 

Chloride,  nitroxyl,  Gutbier  and 
Ivohmann,  ig,  390. 

Chlorides,  bromides,  etc.,  new 
methoil  for  detecting,  Benedict 
and  Snell,  16,  469;  detection 
in  presence  of  bromides,  Jones, 
18,  81. 
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CHEMISTRY— 

Chlorine,  atomic  weight,  Richards 
and  Wells,  19,  451 ;  density. 
Moissan  and  Jassoneux,  17, 
245;  preparation  from  sodium 
chlorate,  Graebe,  u,  392; 
smelting  with  electrolysis,  Swin- 
burne,  16,   330. 

—  heptoxide,  Michael  and  Conn, 
II,  235. 

Chromium  in  acids,  phenomena 
connected  with  solution  of,  Ost- 
wald,  II,  84. 

Cinnabar,  radio-active,  Ix>sanitsch, 
18,  4G2. 

Copper,  antimony,  iron,  etc.,  volu- 
metric determination  of,  Weil, 
13,  315. 

—  estimation  of,  as  cuprous  sul- 
phocyanide  in  the  presence  of 
bismuth,  etc.,  Van  Name,  13, 
138. 

—  double  cyanides,  Grossman 
and  von  der  Forst,  ig,  244. 

—  sulphate,  action  upon  iron 
meteorites,  Farrington,   ia,  33. 

Crystals,    method    for    obtaining, 

Wroblewski,  n,  236;  Rtimpler, 

II,  318. 
Cupric      chlorides,      ammoniacal, 

Bouzat,  15,  155. 
Diamonds,  artificial,  see  Minerals. 
Diethyl  peroxide,  Baeyer  and  Vil- 

liger,   II,   162. 
Distillation,    production    of    high 

vacua   for,  Erdmann,   17,  86. 
Double    salts,    determination    bj' 

solubilitv,    Foote    and    Bristol, 

18,  309.' 
Electrolysis  by  rotating  Cathode, 

Gooch    and    Med  way,    15,    320; 

:Medwav,    18,      56,  "^180;    Flora, 

20.  268\  302,  455. 
Electrolytes,  electrolysis  of  solid, 

Haber  and  Tolloczko,  ig,  193. 
Electrolytic     peroxide     of     lead, 

nickel,  etc.,  Hollard,  15,  325. 
Emanium,  Giesel,  18,  81,  ig,  84. 
Europeum,  a  new  element,  Deniar- 

cay       12,     321  ;       Urbain     and 

Lacombe,   ig,  243. 
Ferric  sulphate  solutions,  hydroly- 
sis of,  Recoura,  20,  320. 
Ferrous  sulphate,  use  of,  in  estima- 
tion   of   chlorates   and   borates, 

Phelps,   17,  201. 
Fluorine  in   wine,  determination, 

Treadwell    and    Koch,    ig,    193. 

—  solid,  Moi8.san  and  Dewar,  15, 
4/  i. 


CHEMISTRY— 

Formic  acid,  synthesis  of,  Moissan, 
13,  317. 

—  aldehyde  in  atmospheric  air, 
Henriet,  17,  325. 

Gallium  in  the  sun.  Hartley  and 

Ramage,  11,  323. 
Gaseous  mixtures,  combustion  in, 

Pelet  and  Jomini,  15,  477. 
Gases  in  air,  Liveing  and  Dewar, 

11,  154. 

—  combustion  of,  Tantar,  11,  86, 
317. 

—  Mazza  separator   for,   16,  330. 

—  separation  by  centrifugal  force, 
Claude  and  Deraoussy,  16,  389. 

Germanium     hydride,     Voegelen, 

13,  470. 
Glass,  plasticity  and  adhesiveness 

of,   Piccard,    14,  456. 
Gold,    colloidal.    Bake,    16,    381; 

solutions,  Blake,   16,  433. 

—  diffusion  in  solid  lead  Roberts- 
Austin,  II,  236. 

—  iodometric  determination,  Max- 
son,  16,  155;  volumetric  deter- 
mination of,  small  amounts, 
Maxson,  17,  466. 

—  fluoride,  Lenher,  17,  243. 

—  preparations,  color  changes  in, 
Kirchner  and  Zsigmondy,  ig, 
85. 

—  separation  from  platinum  met- 
als, Jannasch  and  von  Maver, 
20,  320. 

Ck>och -crucible,  modified,  Heraeus, 

12,  388. 

Halogen  acids,  action  on  vanadic 
acid,  Gooch  and  Curtis,  17,  41. 

Helium,  Ramsay  and  Travera,  11, 
166;  absence  from  carnotite, 
Adams,  ig,  321 ;  derived  from 
radium  emanation,  Himstedt 
and  ^leyer,  20,  390;  spectrum 
of,  Liveing  an<l  Dewar,  11,  154; 
viscosity  ,    Schultze,     12,     463. 

—  and  hydrogen,  condensation  by 
charcoal,  Dewar,  18,  390. 

and  liquid  hvdrogen,  Dewar,  14, 
305. 

—  spectrum  in  ultra-violet,  ig, 
85. 

Hydrate    of    sulphuryl    chloride, 

Baeyer    and    Villiger,    11,    393. 
Hydra  ted  salts,  peculiar  property 

of,  (le  Schulten,  17,  171. 
Hydrates   in   solution,  Jones,    17, 

471. 
Hydrides,    alkali-metal,    Moissan, 

15,  154. 
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CHEMISTRY— 

Hvdrides,  non-conducti%-itT  of 
metallic,  Moissan,  15,  478. 

—  of  rubidium  and  csedium,  Mois- 
f<an,  15,  477. 

Hydrochloric  acid,  influence  on 
cuprous  sulphocyanide,  Van 
Name,  13,  20;  action  on  alumi- 
num, etc.,  Recoura,  15,  154. 

—  and  hydrocyanic  acicfs,  separa- 
tion, Richards  and  Singer,  13, 
315. 

—  and  potassium  permanganate, 
interaction,   Brown,    19,   31. 

Hydrogen,  absorption  by  and 
diffusion     through     palladium, 

12,  380,  Schmidt,  17,  397; 
l>oiling  point  of,  Dewar,  11, 
291;  in  air,  Rayleigh,  n,  165; 
heat  of  combufttion  of,  Mixter, 
16,  214;  nascent,  diffusion 
through  iron,  Winkleman,  20, 
400. 

—  liquid,  and  air  calorimeters, 
Dewar,  20,  152;  properties, 
Dewar,  12,  168,  14,  305;  vapor- 
pressures  of,  Travers,  Senter 
and  Jaquerod,  14,  311. 

—  oxide     higher     than     dioxide, 
■    Ramsay,  13,  153. 

—  peroxide,  action  upon  silver 
oxide,  Baeyer  and  Villiger,  n, 
393;  crystallized,  Studel,  15, 
233;  with  salts,  compounds  of, 
Tanatar,  13,  155. 

—  Jivelenide  and  sulphide,  compari- 
son, deForcand  and  Fonzes-Dia- 
con,  13,  316. 

—  solid,  properties,  Dewar,  12, 
168. 

—  telluride,  Emyei,  11,   163. 

—  and  oxygen,  combination, 
Baker,  14^  383. 

Hv<lrosols,  Bredig's  silver,  Blake, 
■^16,  431. 

Hydrous  chlorides,  typical,  Gooch, 
arul  ^lc(,'lonahan,  17,  365. 

IntermoltH'ular  forces  and  vola- 
tility of  compounds,  Martin,  18, 
304.* 

Iodine,  atomic  weight,  Baxter,  19, 
243 ;    initiative  action  of.  Hale, 

13,  379. 

—  j)entafluoride,  Moissan,  14,  456. 
Ionization,    etc.,    see    Ionization, 

etc. 
Iron,   atomic   weight,  Baxter,   17, 
325;     new    compound,    Hauser, 
20,   400;     preparation   of   pure 
skrabal,   15,  235. 


CHEMISTRY— 

Iron  and  aluminium,  separation, 

I^ecl^re  17,  326. 
Krypton,    properties,    Ladenburg 

and  Krueger,   u,  85;    Ramsay 

and  Travers,  n,  166. 

—  presence  shown  with  neon  and 
xenon,  Valentiner  and  Schmidt, 
20,  462. 

—  spectrum,  Dewar,  12,  207. 
Lead,  radio-active,  Hofmann  and 

Strau.ss,  n,  235,  463;    12,  388; 
Hofmann  and  Wolfl,  16,  99. 
Lithium  antimonide,  Lebeau,    13, 
317. 

—  silicide,  Moissan,  14,  64. 
Magnesium  and   aluminium,   Du- 

boin,  II,  464. 

Manganese,  separation  from  mag- 
nesium, etc.,  Dietrich  and  Has- 
sel,  14,  456. 

Matter,  heatless  condition  of, 
Brinkworth  and  Martin,  13, 
469,  14,  304. 

Methane    properties   of,   Moissan, 

19,  323. 

—  elimination  in  the  atmosphere, 
Urbain,  11,  318. 

—  s\'nthe8is  of,  Sebatier  and 
Senderens,  13,  409. 

Molecular  w^eights,  microscopical 
methods  for  determining,  Bar- 
ger,  17.  471. 

Molybdic  acid,  estimation  of, 
reduced  by  hydr  iodic  acid, 
Gooch  and  Pulman,  12,  449. 

Neon,  new  method  of  detecting, 
Valentiner  and  Schmidt,  ao, 
462;  properties,  u,  154,  166. 

—  and  helium  in  the  air,  Ramsay, 

20,  65. 

Newton  ium,   IMendel^eflT,    17,    243. 

Nickel,  new  reagent  for,  Tschu- 
gaeff,  20,  397. 

Nitrates,  determination  in  absence 
of  air,  Phelps,  17,  199. 

Nitric  acid,  gravimetric  deter- 
mination, Busch,  19,  388;  titri- 
metric  estimation, Phelps,  14,440. 

Nitrogen,  internal  friction  of, 
Hofman,  17,  473;  preparation 
from  ammonium  nitrate,  Mai, 
13,  CO;  utilization  of  atmos- 
pheric, Frank,  16,  388. 

—  fluoride,  preparation  of,  Rupp 
and  Geisel,  17,  172. 

Nit  rosy  1  fluoride.   Ruff  and   StUu- 

ber,  20,  460. 
Nitrous,   anhydride   Wittorff,    18, 

309. 
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CHEMISTRY— 

Oxidizing  agents,  new  reaction  for 
certain,  de  Koninck,  15,  234. 

Oxygen  and  hydrogen,  vapor- pres- 
sures of  liquid,  Travers,  Senter 
and  Jaquerod,  14,  311 ;  combi- 
nation, Baker,  14,  383. 

Ozobenzol,  Harries  and  Weiss,  19, 
83. 

Ozone,  formation  of,  Goldstein, 
17,  1 7 1 ;  by  electrical  discharges, 
Warbury,  15,  81 ;  by  ultra-violet 
light,  Fischer  and  Braemer, 
20,  397. 

—  molecular    weight,    Ladenburg, 

11,  391. 

Persulphates,  determination  of, 
Peters  and  Moody,  12,  367. 

Phosphorus,  emanation  from,  Bar- 
us,  II,  237,  12,  327;  Schmidt, 
15,  416. 

—  free  in  meteorite,   Farrington, 

IS,  71. 

—  ignition,  temperature,  Eydman, 

12,  73. 

—  presence  upon  an  Egyptian 
inscription,  11,  46o. 

—  in  spherical  condensers,  Barus, 
II,  310. 

Platinum,  loss  of  weight  when 
heated,  n,  164. 

—  oxidation,  Wohler,  17,  86. 
Potassium  hvdride,  Moissan,    13, 

240. 

—  iodate,  titrations  with,  An- 
drews, 17,  85. 

—  and  barium  nitrates,  double 
salt  of,  Wallbridge,   16,  331. 

—  and  sodium  sulphocyanides, 
color  when  heated,  Giles,  n, 
318. 

Precipitates,  handling  of,   Gooch, 

20,  11. 
Pyrites,  new  method  for  assaying, 

13,  470. 

Quantitative  analysis,  new  method 
of,  Thatcher,  12,  320. 

Quartz  vitrified,  see  Quartz. 

Radio-activity,  see  Radio-activ- 
ity. 

Radio-tellurium,  Marckwald,  ig, 
324. 

Radium,  see  Radium. 

Reactions,  velocity  of,  Duane,  n, 
349 

Rubidium,  atomic  weight  of,  Arch- 
ibald, 18,  402. 

Rubidium-mercuric  double  salts, 
Grossman,  17,  472. 


CHEMISTRY— 

Saccharose,  combined  with  metal- 
lic salts,  Gauthier,  17,  244. 

Salts,  effect  of  water  on  chemical 
reactions,  Perman,   16,  467. 

—  double,  investigations  by  phys- 
ical means,  Foote,  16,  389. 

Selenium  in  sulphuric  acid,  Jouve, 
12,  75. 

Silicon,  fluoroform.  Ruff  and 
Albert,  19,  244;  new  modifica- 
tion of,  Moissan  and  Siemens, 
18,  461 ;  solubility  in  zinc  and 
lead,  Moissan  and  Siemens,  18, 
82. 

Silver,  allotropic,  colors  of,  Blake, 
16,  282. 

—  colloidal,  Hanriot,   16,  100. 

—  electro-chemical  equivalent, 
Van   Dijk   and   Kunst,  18,  392. 

—  chabazite  and  silver  analcite, 
Steiger,  14,  31. 

—  iodide,  double  salt  of,  Strom- 
holm,  15,  325. 

—  subhalides,  Emszt,  13,  154. 
Sodium,  atomic  weights,  Richards 

and  Wells,  19,  451. 

—  hydroxide  production  of  pure, 
Klister,  19,  83. 

—  sulphate  solutions,  Marie  and 
Marquis,  16,  99. 

—  thiosulphate,  action  on  solu- 
tions of  metallic  salts,  Norton, 
12,  115. 

Soluble  substances,  method  of 
crystallizing,  de  Schulten,  17, 
87. 

Strontium,  atomic  weight,  Rich- 
ards, 20,  461. 

Sugar,  determination  with  Feh- 
ling's  solution,  20,  320. 

Sulphates,  two  sodium-ferric, 
Sknibal,  17.  396. 

Sulphites,  estimation  by  iodine, 
Ashley,  20,  13;  oxidation  by 
iodine,  Ashley,  19,  237. 

Sulphur,  size  of  molecule,  Biltz 
and  Preuner,  13,  61. 

—  hexafiuoride,  etc.,  Moissan  and 
I^beau,  II,  391. 

Sulphuric  acid,  manufacture  by 
contact  process,  Knietsch,  13, 
238. 

Supersaturated  solutions,  influence 
of  magnetism,  de  Hemptinne, 
12,  75. 

Tantalum,  properties  of,  von  Bol- 
ton, 19,  388. 
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CHEMISTRY— 

Tellurium,  atomic  weight,  K5th- 
ner,  13,  154;  Pcllini,  13,  60; 
gra\imetric  determination,  Gut- 
bier.  12.  389. 

—  in  American  silver,  presence  of, 
Vincent,  13,  411. 

—  radio-active,  Marekwald,  15, 
154. 

Thallic  chloride,  constitution  of 
hydrous,  McClenalian,    18,    104. 

Thallium,  in  the  thallous  state, 
Thomas,  14,  385. 

Thermochemical  constant,  Clarke, 
14,  303. 

Tliioi-yanates,  double  and  triple, 
Weils,  lA,  384;  on  isomorphous 
triple,  Blake,  16,  12. 

Thiocyanic  acid,  iodometric  titra- 
tion, Thiel,  14,  455. 

Thorium,  new  element  associated 
with,   Baskerville,   12,  462. 

—  radio- activity,  Hofmann  and 
Zerban,  13,  316;  Sackur,  20, 
65;  Rutherford  and  Soddy,  15, 
It*. 

—  unity  of,  Mever  and  Gumperz, 
19,  380. 

Tobacco,  new  alkaloids  in,  Pictet 

and  Kotschy,  u,  392. 
Trisulphoxyarsenic    acid,    McCay 

and  Foster,  19,  192. 
Trouton's       law,       gonoralization 

from,  II,  465. 
Ultra-violet  light,    action  on    rare 

earth    oxides,    Baskerville,    16, 

465. 
Uranium,  atomic  weight,  Richards 

and  Merigold,  14,  65. 

—  determination  bv  zinc  reductor, 
Pulman,  16,  229. 

—  radio-activity,    Soddy,    15,    78. 
Uranyl     double     salts,     Rimbach, 

Biirgor     and     Grewe,     17,     324. 

Vanadic  acid,  estimation  of,  Gooch 
and  Gilbert,  15,  389;  re<hiction 
of,  (rooch  and  Stookey,  14,  369. 

Vanadium,  specific  heat,  Matig- 
noii  and  Monnet,  iq,  410. 

Waters  of  lllintas,  chemical  sur- 
vey, Palmer.  18,  396. 

Xenon,  properties,  11,  166;  spect- 
rum, Dewar,  12,  207;  method  of 
(lotermining,  Valentiner  and 
Scbmitit,  20,  462. 

Yttrium  and  vtt4>rbium  in  fluorite, 
Humphreys.  19,  202. 

Zinc  sulplnde,  ])hosphorescenco, 
Baskerville  and  Lockhart,  20, 
95;   GrUne,   18,  462. 


CHEMISTRY— 

Zirconla    of    euxenite,    Hofmann 

and  Prandtl,  n,  463. 
Zirconium     tetra-iodide,     Stabler 
and  Denk,  17,  472. 

Chica£[0  University,  Decennial  Pub- 
lications, 13,  471,  18,  96. 

Christian  Faith  in  an  Age  of 
Science,  Rice,  17,  330. 

Chwolson,  O.  D^  Lehrbuch  der 
Physik,  15,  82,  18,  86. 

Cilley,  F.  H.,  theory  of  elasticity, 
II,  269. 

Cincinnati.     See    Observatory. 

Clark,  W.  B.,  the  Matawan  forma- 
tion, 18,  435. 

Clarke,  F.  W.,  action  of  ammon- 
ium chloride  on  silicates,  13,  27. 
Elementary  Chemistry,  14,  305; 
pseudo-serpentine  from  Washing- 
ton, 15,  397. 

Classen,  A.,  Anah-tical  Chemistry, 
II,  319;  chemical  analysis  by 
electrolysis,  16,  100:  Ausge^'&hlte 
Methoden  der  analytischen  Che- 
mie,  16,  390. 

Clasrton,  H.  H.,  eclipse  cyclone, 
II,  321. 

Cleland,  H.  F.,  formation  of  natu- 
ral bridges,  20,  119. 

Clements,  J.  M.,  Vermilion  iron- 
bearing  district  of  Minnesota,  17, 
175. 

Clerke,  A.  M.,  Unsolved  Problems 
of  Low  Temperature  Research,  12, 
393. 

Climate  cause  of  Pleistocene,  13,  70. 

—  polar,  relation  to  evolution, 
Wieland,  16,  401. 

Climatic  features  in  land   surface, 

Penck,  i^,  165. 
Coal  in  Michigjin,  Lane,  13,  475. 

—  and  petroleum  in  Alaska,  19, 
458,  459. 

Coast  Survey,  United  States,  report 
for  1899,  II,  401;  1900,  13,  479; 
1901,  14,  469;  1902,  16,  106; 
1903,  17,  409;  1904,  19,  261. 

Cockroaches,    Paleozoic,    Sellards, 

15,  307,  488,  18,  113,  213. 
Cohen,  E.,  meteoric   iron   from   the 

Soudan,  15,  254 ;  Meteoritenkunde, 

16,  336. 

Cohen  Ernst,  Physical  Chemistry, 

15,  326. 
Cohen,  G.,  die  Riechstoflfe,  18,  390. 
Coherer,  hot  oxide,  Hornemann,  18, 

84. 
Cohnheim,  O.,  Chemie  der  Eiweiss- 

korper,  18,  83. 
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Cold  Spring,  L.  I.,  monographs, 
i6,  400,  ig.  473. 

Coleman,  A.  P.,Tiephelineand  other 
syeiiit-es  in  Ontario,  14,  147. 

Coleman,  S.  E.,  Physical  Labora- 
tory Manual,  17,  89. 

Colima,  Mexico,  eruption  of,  Sperry, 
15,  487. 

Collins,  F.  S.,  Phycologia  Boreali- 
Ainericana,  15,  239. 

Color  photography,  discovery  in, 
A.  Hyatt  Verrilf,  13,  329;  Lipp- 
man's,  Pfaundler,  18,  463. 

Colorado,  fossil  mammals  from  the 
Tertiary  of,  Matthew,  13,  476. 

—  geology,  Girty,  18,  158. 

—  new  Devonian  formation.  Cross, 
18,  245;  Eastman,  18,  253. 

—  radium-bearing  springs,  Headden, 

10,  297.  . 

—  Rico  Mts.,  ore  deposits  of,  Han- 
some,  15,  158. 

—  Silverton  quadrangle,  economic 
geology,  Ransome,  14,  390. 

—  Vallev,  geology  of  the  Little, 
Ward,"  12,  401. 

Colored  papers,  reflection  by,  Min- 

chin,  ig,  445. 
Colors   of   coronas,  etc.,  Barus,    13, 

81,  309;  see  further,  Barus,  C. 
Compressibility  of  solid,  17,  474. 
Concretions  of  C-onnecticut  valley, 

11,  397;  of  Kansas,  n,  315. 
Conductivity,  see  Electric. 
Cong^rfes  Geologi(iute  International, 

8th  session,  1900,  13,  67. 

Conn,  H.  W.,  protozoa  of  Connecti- 
cut, 20,  70. 

Connecticut  Academy  of  Sciences, 
II,  330. 

—  clays  of,  Loughlin,  20,  408. 

—  essonite  and  corundum  at  Bark- 
hamsted,  Emerson,  14,  234. 

—  extent  of  Xewark  System,  Hobbs, 
14,  71. 

—  fossil  wood  from,  13,  70. 

—  glacial  remains  near  Woodstock, 
Eggleston,  13,  403. 

—  ice  sheet  in  Pomperaug  valley, 
Hobbs,  14,  399. 

—  Newark  system  of  Pomperaug 
Valle}',  Hobbs,  13,  70. 

^ — protozoa,  20,  70. 

—  river   system  of,  Hobbs,    12,   467. 

—  Still  rivers  of  western,  Hobbs, 
13,  243. 

—  tungsten  mine  at  Trumbull, 
Hobbs,  14,  72. 

Copper  voltameter,  new  solution  for, 
Shepherd,  12,  49. 


Copper  and  zinc,  thermo-chemistry 
of  alloys  of.  Baker,  n,  237. 

—  See    CHEMISTRY. 

Coral  reefs,  the  atoll  of  Funafuti, 
borings  into,  SoUas.  17,478;  Judd 
and  Cullis,  18,  239. 

Agassiz   on,   of   the   Maldives, 

13,  297,  17,248;  of  tropical  Pacific, 
15,  333;  in  Eastern  Pacific,  19, 
367. 

Gardiner  on,  of  the  Maldives, 

13.  321,  14,  74,  15,  240;  origin 
discussed.  16,  203. 

Corals,  notes  on,  Verrill,   13,  414. 

—  of  Bermuda,  Verrill,  13,  327;  of 
Porto  Rico,  Vaughan,  13,  75. 

Cornwall,  H.  B.,  greenockite  on 
calcite  from  Joplin,  Missouri,  14, 
7. 

Corona,  phot^igraph  of  solar,  Han- 
sky,  19,  454;  theory,  Bigelow,  n, 
253. 

Coronas  of  cloudy  condensation, 
Barus,  13,  81 ;  see  further  under 
Barus,  C. 

Corpuscles,  emission  by  alkali  met- 
als, Thomson,  20,  462;  magnetic 
proi)erties  of  systems,  Thomson. 
17,  88. 

Cosmic  cycle,  Very,  13,  47,  97,  185. 

Cosmogony,  rival  theories  of,  0. 
Fisher,  n,  414,  12,  140. 

Crapper,  E.  H.,  Electric  and  Mag- 
netic Circuits,  16,  393. 

Crater  Lake  National  Park, geology, 
Diller  and  Patton,  i^,  482. 

Crinoids,  Helderbergian,  of  Xew 
York,  Talbot,  20,  17;  see  GEO- 
LOGY. 

Crook,  Z.  E.,  yoke  with  intercepted 
magnetic  circuit  for  measuring 
hysteresis,  u,  305;  ele<'t romag- 
netic  alternating  currents,  14,  133. 

Crookes,  W.,  spinthariscope,  16,  99. 

Crosby,  Boston  basin  geolog}%  11, 
324. 

Cross,  W.,  chemico-minera  logical 
classification     of    igneous    rocks, 

14,  461 ;  new  Devonian  formation 
in  Colorado,  18,  245. 

Crystalline  fluids,  etc.,  Schenck,  19, 

454. 
Crystallography,  Chemical,  Crroth, 

19,  467 ;  Elements,  Viola,  19,  467. 

—  solution  of  problems  in,  Penfield, 
14.  249. 

Crystals,    drawing  of,  Penfield,    n, 
•1,  115,  19,  39;  method  of  obtain- 
ing, Riimpler,  11,  318,  Wroblewski, 
II.  236. 
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Cuba,  bituminous  deposits,  Peckham, 

12,  33. 

—  experimental  garden  in,  Atkins, 
i6.  105. 

—  Harvard  botanical  station,  i8, 
91,  92;  horticultural  experim«it8, 

13,  325,  i6,  105. 

Cumings.  E.  R.,  variation  in  the 
fossil  brachiopod,  Platystrophia 
lynx,  14,  9;  morphogenesis  of 
Platystrophia,  15, 1,121;  develop- 
ment of  some  Paleozoic  Brvozoa, 
17,  49;  development  of  Fenestella, 
20,  169. 

Curtis,  R.  W.,  action  of  halogen 
acids  on  vanadic  acid,  17,  41. 

Cushing,  H.  P.,  geology  of  Little 
Falls,  N.  Y.,  20,  156. 

Cyanogen  bands,  structure  of,  King, 
13,  4?2. 

Cycadophyten,  mesozoische,  Nat- 
horst,  15,  85. 

Cycads,  American  fossil,  Wieland, 
II.  423. 

—  living  Zamias  of  Florida,  Wie- 
land, 13,  331. 

—  proombryo  of  the  Bennettiteae, 
Wieland,   18,  445. 

Cyclones  of  Far  East,  Algii6,   18, 

474. 
Czudnochowski,  W.  B.  von,  Das 

Elektrische    Bogenlicht,    19,    251, 

455. 

D 

Dadourian,  H.  M.,  radio-activity  of 
underground  air,  ig,  16 ;  new  form 
of  electrode  for  lead  storage  cells, 
19.  315. 

Dale,  T.  N.,  geology  of  the  north 
end  of  the  Tax^onic  range,  17,  185. 

Dall,  W.  H..  Tertiary  of  Florida, 
II,  170;  geology  of  the  Hawaiian 
Islands,  17,  177. 

Daly,  R.  A.,  mechanics  of  igneous 
intrusion,  15,  260,  16,  107.  267; 
geolog\'  of  Aacutney  Mts.,  Vt.,  16, 
267 ;  machine-made  line  drawings, 

19,  227 ;  Rceondary  origin  of  gran- 
ites, 20,  185.  I 

Dandeno,  J.  B.,  relation  of  mass 
action  to  toxicity,  17,  437. 

Darton,  N.  H.,  geology  and  water 
ro<iourcoa  of  Black  Hills,  13,  68; 
ago  of  MonumontCreek  formation, 

20,  178;  geology  and  water 
resources  of  Central  Great  Plains, 
20,  70. 

Davis,  B.,  Wliavior  of  small  closed 
cylinders  in  organ-pipes,  12,  185; 


locating  nwles  and  loops  of  sound 
in  the  open  air,  12,  263;  anemo- 
meter fdr  stationary  sound-waves, 
I  J,  129;  conductivity  and  energy 
absorption  in  the  electrodeless  dis- 
charge, 15,  202. 

Davis,  H.  N.,  Newton's  colors  shown 
by  transmitted  light,  15,  224. 

Davis,  J.  W.,  motion  of  compressible 
fluids,  12,  107. 

Davis,  R.  O.  E.,  analysis  of  kun- 
zite,  18.  29. 

Davis,  W,  M.,  terraces  of  the  West- 
field  River,  Mass.,  14, 77 ;  Element- 
ary Physical  Geography,  14,  318. 

—  bearing  of  physiography  upon 
Suess'  theories,  19,  265;  notice  of 
work  on  Bahama  Islands,  19,  465. 

Davison,  C,  velocity  of  seismic 
waves,  II,  95;  Inverness  and  Car- 
lisle earthquakes,  14,  397;  Recent 
Earthquakes,    20,    163. 

Davison,  J.  M.,  internal  structure 
of   cliftonite,    13,  467. 

Day,  A.  L.,  melting  point  of  gold, 
II,  145;  expansion  of  metals  at 
high  temperatures,  n,  374; 
isomorphism  and  thermal  proper- 
ties of  feldspars,   19,  93,  20,   72. 

Day,  D.  T.,  Mineral  Resources  of 
the  U.  S.,  1901,  14,  461 ;  1902,  17, 
481;  1903,  19,  260. 

DeLaunay,  L.,  Richesses  Min^rales 
de  I'Afrique,   15^  417. 

Dennis,  L.  W.,  Elementary  Chem- 
istry, 14,  305. 

Derby,  O.  A.,  occurrence  of  topaz, 
Ouro  Preto,  Brazil,  n,  25;  man- 
ganese deposits  of  Minas  Geraes, 
Brazil,  12,  18;  occurrence  of 
monazite  in  iron  ore  and  graphite, 
13,  211. 

Deserts,  formation  of,  Walther,  u, 
326. 

Development  and  Evolution,  Bald- 
win, 15,  88. 

Dewar,  J.,  spectrum  of  the  volatile 
gases  of  atmospheric  air,  n,  154; 
boiling  point  of  hydrogen,  11,  291. 

—  the  nadir  of  temperature  and 
allied  problems,  12,  168;  separa- 
tion of  the  least  volatile  gases  of 
atmospheric  air,  12,  207. 

—  liquid  hydrogen  and  helium,  14, 
305. 

—  separation  of  most  volatile  gases 
from  air,  18,  290;  thermal  evolu- 
tion of  gases,  18,  290. 

—  liquid  hydrojjen  and  air  calori- 
meters,   20,    152;    thermo-electric 
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junction  for  determining  tempera- 
tures, 20,  153. 

Diamond,  see  MINERALS. 

Dickson,  C.  W.,  platinum  in  the 
nickel-copper  ores,  Sudbury,  Onta- 
rio, 15,  137. 

Dielectric  constant  of  paraffins, 
Hormell,  12,  433. 

—  constants,  heat  of  a  change  in 
connection  with  changes  in,  Spey- 
ers,  16,  61. 

Diller,  J.  S.,  Klamath  Mountain 
section,  California,  15,  237,  342; 
the  Bragdon   formation,   ig,   379. 

Dirigibles,  Lea,  Andr6,  i^,  398. 

Distillation,  Fractional,  \oung,  17, 
87. 

Dodge,  C,  W.,  General  Zoology,  17, 
182. 

Doughty  Springs,  Colorado,  radium- 
bearing,  Headden,  19,  297. 

Douglass,  E.,  new  species  of  Mery 
cochoerus  in  Montana,  n,  73. 

Downs,  E.  S.,  spectrum  of  alternat- 
ing current  discharge,  12,  66. 

Dragons  of  the  Air,  ^eley,  12,  396. 

Drawings,  machine-made  line,  Daly, 

19,  22?. 

Dresser,  J.  A.,  contribution  to  the 
geology'  of  Quebec,  14,  43 ;  geology 
of  Brome  Mt.,  Quebec,  17,  347. 

Drude,  P.,  Tlieory  of  Optics,  14,  68. 

Duane,  W.,  velocity  of  chemical  re- 
actions, II,  349. 

DufiF,  A.  W.,  secondary  imdulations 
shown  by  tide-gauges,  12,  123. 

Duncan,  R.  K.,  The  New  Knowl- 
edge** 19,  4ri(). 

Dunkerley,  S.,  Mechanism,  ig,  471. 

Duparc,  L.,  Recherches  g^ologiques 
et  p^trographiques  sur  TOural  du 
Nord,  19,  467. 

Dust  and  soot,  mineral  constituents, 
II.  470. 

Dustfall  of  March,  1901,  in  North 
Africa,  Hcllman  and  Meinardus, 
13,  323. 

Dutton,  C.  E.,  Earthquakes  in 
Light  of  the  new  Seismologj%  lo,  89. 

Dyar,  H.  G.,  North  American  Lepi- 
doptera,  15,  418. 

Dynamics  of  Particles,  etc.,  A.  G. 
Webster,  19,  327. 


E 

Eakle,  A.  S.,  identity  of  palacheitc  I 
and  botrv'ogen,  16,  379;  Mineral  . 
Tables,  17,  329. 


Earth,   atmosphere  of,   changes  in 
transparency,    17,    484. 

—  Structure,    Evolution    of,   Reade, 
17.  250. 

—  surface,    map    projection  of,  Pen- 
field,  13,  245,  347  J  van  der  Grin- 


ten,  i^, 
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—  theories  of  origin,  Fisher,  11,  414, 
12,  140. 

Earthquake  of  1901  at  Inverness, 
and  at  Carlisle,  Davison,  14,  397. 

—  in  vestiga t ion  committee  of,  Japan, 
publications  Nos.  5,  6,  12,  90; 
Nos.  7,9-11,15,239;  No.  13,  16, 
335;    No.15, 17,  484;  No.l6,i8,95. 

—  investigations  in  Japan,  Dairoku 
Kikuchi,  19    88. 

—  waves  in   the  ocean,   11,  95. 
Earthquakes  in  the  Light  of  the 

new  Seismology,  Dutton,    19,  89. 

—  of  Inverness  and  Carlisle,  C. 
Davison,   14,   397. 

—  Recent,  Davison,  20,  163. 

Eastman,  C.  R.,  asterolepid  append- 
ages, 18,  141 :  Upper  Devonian  fish 
remains  from   Colorado,   18,  253. 

Eastwood,  A.,  Flora  of  South  Fork 
of  Kings  River,  15,  86;  Trees  of 
California,  20,  470. 

Eaton,  G.  F.,  Triassic  fishes,  collec- 
tion at  Yale,  15,  259;  characters 
of  Pteranoilon,  16,  82,  17,  318; 
notice  of  J.  B.  Hatcher,  18,  163; 
notice  of  Mastodon  humboldtii, 
Mexico,    iQ,    330. 

Eclipse,  cyclone,  Clayton,   n,  321. 

Eggleston,  T.  W.,  glacial  remains 
near    Woodstock,   Conn.,    13,   403. 

Elasticity,  theory  of,  Cilley,  n,  269. 

Electric  (Electrical)  arc,  resist- 
ance and  electromotive  force, 
Duddell,  12,  392. 

metallic  vapors  in,  Weintraub, 

17,  246. 

Spectra,  Petavel  and  Hutton, 

16.  471. 

—  charge,  efT(»ot  of  magnetic  field 
upon,   Creniieu,   11,   87. 

—  charges  dissipation  by  vapor, 
Beggorow,  13,  411. 

—  condnctibility  of  metals,  Strutt, 
14,  459. 

—  oondiictivitv  of  electrodeless 
discharge,  Davis,  15,  202. 

of   double   salts,    Lindsay,    11, 

1(U. 

l)ro<luce(l  in  air  by  motion  of 

negative  ions,  Townsend  and 
Kirkby,  13,  240;  in  gases,  Towns- 
end,  II,  238. 
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Electric  convection,  maji^etic  effect 
of,  Cremieu,ii,87,321 ;  Adams,  12, 
155;  Pender,  12,  173;  Wilson,  12, 
322;  Whitehead,  14,  109;  Him- 
stcdt,  17,  175. 

—  currents,  alternating^,  demagnetiz- 
ing effects  of,  Crook,  14,   133. 

displacement  of,  Blondlot,  13, 

155. 
of   high   frequency,   effects   on 

the  human  body,  Andriessen,   13, 

318. 
of  low  potentials,  fatal  effects, 

15.  236. 
sine,   excitation   and   measure- 
ment, Wien,  II,  394. 

—  discharge,  induced  alternating, 
spectrum  of,  Wright  and  Downs, 

12.  0«. 

mechanical  movements  of  wires 

produced    by.    Viol,    11,    4G7. 

—  discharge-current  from  surface  of 
large   curvature,    Almy,    12,    175. 

—  discharges  in  Geissler  tubes, 
exhaustion  by,  Riecke,  19,  194; 
spectra  of,  Goldstein,  19,  245; 
direction  and  velocity  of,  James 
19,   103. 

oscillatory,  Andriessen,  13, 472. 

througli  gases,  role  of  self- 
induction  in,  Eginitis  and  de 
Gramont,  14,  08. 

—  displacement,  see  Electric  con- 
vection. 

—  elfect  of  rotating  a  dielectric  in  a 
magnetic    field,    Wilson,    18,   392. 

—  flow  in  gases.  Stark,  12,  77. 

—  inertia,  Burbury,  19,  325. 

—  machine,  Holtz,  new  form,  14, 
459. 

—  measurements,  Armagnat,  13,  473. 

—  oscillations  in  charging  conden- 
sers, Sundell  and  Tallquist,  11, 
238:  damping  of,  17,  473.  \ 

—  oscillators,  skin-etTect  in.  Chant,! 

13,  1- 

—  potential     distribution     in     dark 

catho<le  space,  Wehnelt,  15,  327; 
variation  along  a  wire  transmitting 
electric  waves.  Chant,  15,  54. 

—  properties  of  thin  metal  films, 
Patterson,   15,  80. 

—  resistance,  experiments  on  high, 
Rood,  12,  91 ;  of  glass,  quartz,  etc., 
RockI,  14,  161  ;  in  high  vacua, 
Rollins,    13,  62. 

—  resonance  in  alternating  circuits, 
Chevrier,  18,  88. 

—  self-inductance,  measurement, 
Whitehead  and  Hill,  19,  149. 


Electric  self-induction,  role  of  in 
discharges  of  electricity  tJirough 
gases,  Eginitis  and  de  G-ramont, 
14,  68. 

—  spark,  extinction  of,  Koch,  19, 194. 

—  sparks,  Doppler  effect  in,  Hagen- 
bach,  17,  245;  influence  of  electri- 
fication of  the  air  on,  Lecher,  14, 
386. 

—  spark  discharge  from  metallic 
poles  in  water,  Wilsing,  14,  67. 

—  vibrations,  slow,  Schmidt,  13, 156. 
determination     of     frequency, 

Schmidt,  13,  156. 

—  waves   in    coils,   Lildin,    13,   411. 
helium    tubes    as    indicators, 

Dom,   19,  454. 
Hertzian,  in  Storms,  Larroque, 

13,  411. 

interference,   tubes  for,  Becker, 

14,  67. 

magnetic  detector  for,  Marconi, 

14,  386. 

metallic    reflection,    Lindman, 

II,  394. 

reception  by  wires.  Chant,  18, 

403. 

reflection  of,  Bumstead,  14, 359. 

stationary,  Lindman,   13,  472. 

variation    of    potential    along 

wire  transmitting,  Chant,   15,  54. 
ELECTRICAL    WORKS— ^ 
Electric  arc  Light,  Czudnochowski, 
19,   251,  455 ;  Electric  and  Mag- 
netic Circuits,  Crapper  16,  393. 
Electricity  and  Magnetism,  G-laze- 
brook,  17,  246. 

—  and     ^fatter,     J.     J.     Thomson, 

18,  88. 
—  and  Optics,  Poinca.r^,   n,  467. 
Electro-chemical   analysis.    Smith, 

15,  80. 
Electro-chemistry,  Jones,  13,  241. 
Electrolytic    Dissociation     Theory, 

Tall>ot    and    Blanchard,    20,    398. 
Electro-Magnetic    Phenomena, 
Treatise,  Lyons,  12,  77. 

—  Theory,   Barnett,   17,   90. 
Electro-Metallurgie,  Brochers,  15, 

80,  17,  87. 
Electricity  carried  by  a  gaseous  ion, 
Thomson,  15,  327. 

—  conduction   through   high   vacua, 
Strutt,  18,  391. 

—  discharge    from     hot    platinum, 
Wilson,  16,  392. 

—  effect  on  bacteria,  Macfadyen,  n, 
320. 

—  movement  of  air  on  atmospheric, 
Linke,  13,  156. 


17] 


VOLUMES   XI-XX. 


493 


Electricity  ,removal  of  negative  from 
the  air  oy  rain,  Schmauss,  14,  387. 

—  side  discbarge  of,  Trowbridge, 
20,  57. 

Electrode  for  lead  storage  cells, 
new    form,    Dadourian,    19,    315. 

Electrodes,  distribution  of  electric 
current  on,  Webnelt,  i^,  319. 

Electrolysis  of  solid  electrolytes, 
19,  193. 

—  by  rotating  catbode,  Goocb  and 
Med  way,  15,  320;  Med  way,  18, 
66,  180;  Flora,  ao,  268,  392,  455. 

Electrolytes,  free  ions  in  aqueous 
solutions  of,  Olsen,   14,   237. 

Electromagnetic  alternating  cur- 
rents. Crook,   14,   133. 

—  waves  in  the  visible  spectrum, 
Braun,  19,  246. 

—  See  Electric  waves. 
Electromotive  force  of  the  Clark- 

and  the  Weston-cell,  Jaeger  and 
Lindeck,  12,  76;  of  ozone.  Brand, 
14,  385;inplants,Plowman,  15,  94. 
Electron  theory  of  metals,  Drude, 
II,  88. 

—  theory  of,  Trowbridge  and  Rollins, 
18,  77. 

Electrotropism  of  roots.  Plowman, 
18,  145,  228. 

Electrostatic  tubes,  de  Nicolai6ve, 
14,  386. 

Elevation  of  land  and  sea,  changes 
near  New  York  City,  Tuttle,  17, 
333. 

Elkin,  W.  C,  parallax  of  ten  first 
magnitude  stars  in  Northern  hem- 
ispliere,  15,  489. 

Emerson,  B.  K.,  corundum  and  a 
grapbitic  essonite,  14,  234;  cal- 
citc-prehnite  cement  rock  in  the 
Holyoke  range,  17,  277;  Stego- 
mus  loTigipes,  17,  377. 

Emerson,  J.  S.,  characteristics  of 
Kau,  14,  431. 

Emmons,  S.  F.,  obituary  notice  of 
Clarence  King,  13,  224;  contri- 
butions to  Economic  Geology,  16, 
101  ;  Little  Cottonwood  granite 
of  the  Wasatch  Mts.,  16,  139. 

England,  Liasaic  and  Oolitic  floras, 
Seward,  18,  319. 

English  medicine  in  the  Anglo- 
^xon  times,  Payne,  19,  263. 

Entropy,  or  Thermodynamics,  Swin- 
burne, 18,  87. 

Ether,  can  its  motion  cause  double 
refraction?  Rayleigh,  15,  81. 

—  conception  of  universal,  Men- 
dol^ff,  17,  243. 
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Ether,  drift  of.  Hicks,  13,  155. 

—  possible  magnetic  effect  of  earth 
on,  Rollins,  n,  322. 

—  and  gravitational  matter  through 
infinite  space,  Kelvin,   12,  390. 

Ethnography,   Queries   in,    Keller, 

17,  184. 
Ethnology,  publications  of  Bureau 

of  American,  12,  89,  14,  470,  17, 

332. 

—  Survey,  Manila,  publications,  20, 
167. 

Evans,  N.  N.,  native  arsenic  from 
Montreal,  14,  397,  15,  92;  chryso- 
ber^^-l  from  Canada,  19,  316. 

Evolution,  Lamarck  on,  A.  S.  Pack- 
ard, 13,  65. 

—  new   theory   of.   Smith,    13,   330. 

—  relation  to  polar  climate,  Wie- 
land,  16,  401. 

Ewart,  A.  J.,  ascent  of  water  in 
trees,  19,  468. 

Ewell,  A.  W.,  rotatory  polarization 
mechanically    produced,    ic,    363. 

Expansion  of  metals  at  hign  tem- 
peratures, Holborn  and  I>ay,  n, 
374. 

Eye,  error  of  collimation  in  the 
human,  Hastings,  19,  310. 

—  optical  Constanta,  Hastings,  19, 
205. 

—  visual  phenomena  depending 
upon  optical  errors  of,  Hastings, 
19,  401. 


Fairbanks,  H.  W.,  San  Louis  folio, 
California,  18,  238. 

Fairchild,  H.  L.,  Elements  of  Geol- 
ogy, 16,  396;  ice  erosion  theory, 
a  fallacy,  20,  164. 

Fall,  deviation  from  free,  De  Sparre, 
19,  391. 

Farrington,  O,  C,  metallic  veins 
of  the  Farmington  meteorite,  n, 
60;  action  of  copper  sulphate  upon 
iron  meteorites,  14,  38;  free  phos- 
phorus in   meteorite,   15,   71. 

Fauna,  see  ZOOLOGY,  GEOL- 
OGY. 

Feldspars,  isomorphism  and  ther- 
mal properties.  Day  and  Allen, 
19,  93.  20,  72. 

— Soe  MINERALS. 

Fenneman,  N.  M.,  Lakes  of  South- 
eastern Wisconsin,  15,  238. 

Fernald,  M.  L.,  relationship  of  some 
American  and  Old  World  birches, 
14,   167. 
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Fernando    de   Noronha,   peak   of, 

Branner,   i6,  442. 
Fernphotographie,  Korn,  i8,  88. 
Field  Columbian  Museum,  publica- 

tioTit^,  12,  89,  17,  184,  332,  i8,  96, 

401. 
Fisher,  C.  A.,  calcite-sand  crystal^ 

14,  451. 

Fisher,  O.,  rival  theories  of  cos- 
mogony, II,  414,  12,   140. 

Fitzgeredd,  G.  F.,  scientific  writings 
of,  Larmor,  16,  106. 

FitzGerald-Lorentz  effect,  Morley 
and  Miller,  20.  67. 

Flora,  see  BOTANY,  GEOLOGY. 

Flora,  C.  P.,  eerie  chromate,  15, 
177 ;  estimation  of  cadmium  as 
sulphate,  20,  268;  do.  as  chloride, 
20,  302;  do.  as  oxide,  20,  457;  do. 
by  rotating  cathode,  20,  455. 

Florida,  Tertiary  fauna  of,  Dall, 
II,  170,  17,  93. 

Fluids,  motion  of  compressible,  Da- 
vis, 12,  107. 

Foerste,  A.  F.,  Ordovician-Silurian 
contact  in  Indiana,  18,  321. 

Fog  particles,  micrometric  measure- 
ment of,  Barus,  17,  160;  see  fur- 
ther Banls,  C. 

Foods,  microscopic  examination, 
Schimper,  11,  96. 

Ford,    W.    E.,  calaverite,    12,    225 ; 
chemical  composition  of  dumorti 
erite,  ia,  426;  riekardite,  15,  69; 
chemical   composition   of   axinite, 

15.  195. 

Forest    Reserves,    U.    S.,    Gannett, 

14,  70. 
Forestry,  Primer  of,  Part  II,  Pm- 

chot,  ig,  471. 
—  report    for   Minnesota,    1904,   20, 

167. 
Fossil,    Fossils,    see   GEOLOGY. 
Fresenius,     C.     R..     Quantitative 

Chemical  Analvsis,  17,  172. 
Fuller,  M.  L..  Klkland-Tioga  folio, 

Penna.,  16.  394. 
Funafuti,  borings  into  coral  reef  of, 

Sollas,  17,  478;  Judd  and  Cullis, 

18,  239. 
Fusion,  temperature  of,  see  Melting 

point. 


Galvanometer      deflections,      Ein- 

thoven,  19,  246. 
—  of    high    sensibility,    Mendenhall 

and  Waidner,  12,  249. 


Galvanometer,  method  of  using, 
Perkins,  18,  53. 

—  new  form  of,  Einthoven,  17,  87, 

18,  84. 

Garcin,    J..    Blondlot's    "N"-Rays, 

19,  455. 

Gardiner,  J.  S.,  Fauna  and  Geogra- 
phy of  the  Maldive  and  Laccadive 
Archipelagoes,  vol.  I,  pt,  i,  13, 321 ; 
pt.  ii,  14,  74;  pt.  iii,  15,  240;  pt 
iv,  1$,  488;  vol.  II,  pt.  i,  16,  400;. 
pt.  ii,  17,  329;  pt.  iv,  20,  77. 

—  origin  of  coral  reefs  as  shown 
by  Maldives,  16,  203. 

Gas  in  a  Crookes  tube,  absorption, 
Willow,  II,  467. 

—  mixture,  spectroscopic  analysis  of, 
Lilienfeld,  20,  67. 

Gases  of  atmospheric  air,  11,  165, 
166;  separation  of  the  least  vo'.i- 
tile,  Liveing  and  Dewar,  12,  207; 
of  most  volatile,  Dewar,  18,  290; 
spectrum  of,  Liveing  and  Dewar, 
II,  154. 

—  conductivity  produced  in,  by 
ultra-violet  light,  Townsend,  15, 
415. 

—  Dynamical  Tlieor\',  Jeans,  19, 
328. 

—  Experimental  Study  of,  Travers, 
19,  327. 

—  Kinetic  Theorj^  Applications, 
Boynton,  18,  86.' 

—  possibility  of  a  colloidal  state, 
Barus,  13,  400. 

—  spectra  of,  at  high  temi>erature9, 
Trowbridge,  13,  412,  18,  420. 

—  thermal  evolution,  Dewar,  18, 
290. 

—  See  also  CHEMISTRY. 
Geikie,  A.,  Founders  of  Geology,  n, 

326. 

Geikie,  J.,  Structural  and  Field 
Geology,  20,  408. 

Geissler  tubes,  exhaustion  by  the 
electric  current,  Riecke,  lo,  194; 
influence  of  glass  walls  of, 
Gehrcke,  19,  85;  spectra  of  dis- 
charges in  cooled,  Goldstein,  19, 
245. 

Geographen  Kalender,  Haack,  1904- 
1905,  18,  162;  1905-1906,  19,  473. 

Geological  commission,  Cape  of 
Good  Hope,  Reports  1900-1902, 
17,  177. 

—  map  of  New  York  State,  Merrill, 
16,  102. 

—  Society  of  America,  Ottawa 
Meeting,  20,  469. 
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GEOLOGICAL    REPORTS 
AND  SURVEYS— 

Arkansas,  vol.  v,  12,  78. 
Canada,   11,  402;   annual  report, 

vol.    xiii,    1000,    iQ,    196,    331; 

general  index,  DowTing,  11,  170; 

publications,  16,  395;  summary 

report    for    1900,    12.    79,    394*; 

1901,    13,   473;    1903,    18,   239; 

1904,   20,   464. 

—  Sudbur}'  district,  19,  331. 
Cape  of  Good  Hope,   13,  413,  17, 

177;    1904,   20,   406. 
Great  Britain,  11,  252,  402. 
Indiana,  1900,  12,  466;   1903,  19, 

87;  29th  annual  report,  20,  322. 
Iowa,  vol.  xi,  12,  396;  vol.  xii,  14, 

391;   vol.  xiv,  19,  196;  vol.  xv, 

1904,  20,  463. 
Kansas    Univeirsity    Survey,     11, 

324 :  report  on  mineral  waters, 

Bailey,  14,  461. 
Louisiana,    14,   314,    15,   330,   20, 

323. 
Maryland,    1900,    11,    240;    1901, 

12.  77;  1902,  16,  104;   1904,  19, 

258 
Michigan,  1900,  11,  241;  1901,  14, 

393. 
Minnesota,   vol.    v,    11,   88;    24th 

Annual  Report,  11,  242;  vol.  vi, 

12,  395. 
Nebraska,    vol.    i,    Barbour,    16, 

New  Jersev,  1900,  12,  466;  1902, 
15,  482;' vol.  iii,  16.  103;  1903, 
18,  90;  vol.  \'i,  19,  88;  1904, 
20,  323. 

Ohio,  fourth  series,  bulletin  1,  18, 
90;  bulletin,  No.  3,  19,  465. 

South  Africa  Transactions,  vol. 
vi,   17,  178. 

—  Cape  of  Good  Hope,  13,  413, 
17,  177,  20,  406. 

United  States,  21st  Ann.  Report, 
II,  468;  monographs,  n,  241, 
395;   bulletins,   11.  241. 

—  21st  Ann.  Report,  12,  465,  13, 
68;  monographs,  13,  320;  bulle- 
tins, 13,  320. 

—  21st  Ann.  Report,  14,  70,389; 
monographs,  14,  389;  bulletins, 

14,  391,     461;     water     supply 
papers,    14,    391. 

—  22d  Ann.  Report,  15,  157, 
328;   folios,   15,  328;   bulletins, 

15,  237,     328;     water    supply 
papers,    15,    159. 

—  23d  Ann.  Report,  16,  332; 
folios,  16,  332,  394;  monograph, 
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AND  SURVEYS— 
16,  185;  professional  papers,  16, 
332,  472;  bulletins,  16,  101,  185, 
472;  water  supply  papers,  16, 
101.   332,   471. 

—  24th  Ann.  Report,  17,  399; 
folios,  17,  90,  176,  328,  477; 
monographs,  17,  175,  399;  bulle- 
tins, 17,  91,  175,  399,  477; 
water  supply  papers,  17,  91. 

—  folios,   18,  238,  394;   bulletins, 

18,  238. 

—  25th  Ann.  Report,  19,  256; 
folios,     19,    456;     monographs, 

19,  251 ;  professional  papers, 
19,  256,  257,  456;  bulletins,  19, 
457,  458;  water  supply  papers, 

19,  459,  460. 

—  folios,  20,  69,  402 ;  monographs, 

20,  402,  466;  professional  pa- 
]>ers,  20,  70,  402;  bulletins,  20, 
70,  402,  406,  407;  water  supply 
papers,  20,  70,  403. 

Vermont,     1901-1902,     15,     329; 

1903-1904,  19,  395. 
Western       Australia,      Maitland, 

1899,    II,   396;    1900,    13,   413; 

bulletins,  17,  249. 
Wisconsin,  bulletins  9,  10, 16,  267; 

11.  12.  18,  89. 
Geologisches     Centralblatt,     Keil- 

hack,  II,  243. 
Geology,  Chamberlin  and  Salisbury, 
17.  480. 

—  of  Cape  Colony,  Rogers,  20,  163. 

—  Economic,  contributions  to,  1902, 
Emmons  and  Hayes,  16,  101. 

Journal  of,  20,  467. 

Lectures  on,  Branner  and  New- 

som,  12,  467. 

—  Elements  of,  LeConte  and  Fair- 
child,  16,  396. 

—  Founders  of,  Geikie,  11,  326. 

—  T^ectures    on    Elementary,    Bran- 
ner, 12,  467. 

—  Structural     and     Field,     Grcikie, 
20,  408. 

GEOLOGY— 

Albuquerque  Sheet,  Herri ck  and 
Johnson,  11,  171. 

Alpen,  die,  im  Eiszeitalter,  Penck 
and  BrUckner,  14,  315,  15,  238, 
20,  407. 

Amphicyon,  new  species,  Wort- 
man,  II,  200. 

Amphion,  Harpina  and  Platym«- 
topus,  note  on  the  names,  Ray- 
mond, 19,  377. 
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GEOLOGY— 

Arbuckle  and  Wichita  Mt«.  of 
Indian  Territory  and  Oklahoma, 
Taff  and  Bain,  19,  267. 

Aficutney  Mt.,  Vermont,  geology, 
Daly,  16.  267. 

Asterolepid  appendages,  Eastman, 

18,  141. 
Autophytography,  White,  19,  231. 
Baptanodon,     Knight,      16,      76; 

osteology  of,  Gilmore,  20,  403. 

Baraboo  iron-bearing  district,  Wis- 
consin,  Weidman,   18,   395. 

Batrachian,  from  the  Coal  Meas- 
ures of  Joggins,  Ts.  S.,  Matthew, 
16,  185. 

Bennettiteae,  proembryo  of  the, 
Wieland,  18,  445. 

Berkeley  Hills,  geology,  Lawson 
and  Palache,  13,  322. 

Bingham  mining  district,  Utah, 
geologj',  Boutwell,  Keith  and 
Emmons,  20,  466. 

Bitumen,  occurrence  in  fossil  egg, 
Morgan   and  Tallmon,   18,  363. 

Bituminous  depK)sit8  of  Cuba, 
Peckham,  12,  33. 

Black  Hills,  geology  and  water  re- 
sources of,  Darton,  13,  68;  lacco- 
liths from,  Jaggcr,  13,  160; 
mineral  wealth,  13,  474. 

Bolson  Plains,  N.  M.,  Structure, 
15,  207. 

Boston  Basin,  geology,  Crosby,  11, 
324. 

Brachiopods,  common  De\'onian, 
Raymond,  17,  279. 

Bracliiosaurus  altithorax,  Riggs, 
15,  299. 

Bragdon  formation,  Diller,  19, 
379. 

Brome  Mountain,  Quebec,  geology, 
Dresser,  17,  347. 

Bryozoa,  Paleozoic,  development, 
Cummings,  17,  49;  revision  of, 
Ulrich  and  Barsler,  17,  479. 

Cambrian    Brachiopoda,    Walcott, 

19,  329. 

—  of  Cape  Breton,  Matthew,  n, 
396,   13,  324,  476. 

—  Acrothyra  and  hyolithes,  Mat- 
thew,  13,  475. 

—  faunas  of  India,  Walcott,  20, 
404,  405. 

—  fossils  of  Missouri,  Beecher,  12, 
362. 

—  Lower,  fauna  of,  Portugal, 
Delgado,  20,  159. 

Canyon  of  the  Hudson  River,  sub- 
marine, Spencer,  19,  1. 


GEOLOGY— 

Carboniferous  ferns,  Sellards,  14, 
195. 

—  formation  of  Kansas,  Williams, 
17,  248. 

—  and  Permian  age  of  the  Red 
Beds  of  Oklahoma,  Adams,  12, 
383. 

—  terranes,  time  values  of  provin- 
cial, Keyes,  12,  305. 

Central  Great  Plains,  Darton, 
geology,  20,  70. 

Cephalopods,  structure  of  some 
primitive,  Ruedemann,  ig,  463. 

Ceratopsia,  two  new,  Wyoming, 
Hatcher,  20,  413. 

Chazy  limestone,  trilobitosof ,  Ray- 
mond, 19,  464;  fauna  of  Hud- 
son, 19,  464;  llaymond,  20,  353. 

Clays  of  the  Boston  Basin,  Brown, 
14,  445;  of  Connecticut,  Shel- 
don, II,  397;  Loughlin,  20,  408; 
of  Indiana,  20,  322. 

Climate,  polar,  relation  to  evolu- 
tion, Wieland,  16,  401. 

Coal  in  Michigan,  Lane,  13,  475. 

C-ockroaches,  Paleozoic,  structure, 
Sellards,  15,  .307, 488, 18, 113,213. 

Codonotheca,  Sellards,  16,  87. 

Concretions  from  clays  of  Connec- 
ticut Valley,  Sheldon,  11,  397. 

—  of  Ottawa  Countv,  Kansas,  u^ 
315. 

Coral  reefs,  see  Coral  reefs. 
Coral -rock  cores  from  borings   at 

Funafuti,  SoUas,  17,  478;  Judd 

and  Cullis,  18,  239. 
Cosmogonv,  rival  theories,  Fisher, 

11,  414,*  12,  140. 

Crater  Lake,  National  Park,  Dil- 
ler and  Patton,  geology,  15,  482. 

Creosaurus,    Williston,     u.     111. 

Cretaceous  deposits  of  the  Pacific 
coast,  Anderson,  18,  318. 

—  fossils  from  Vancouver,  Whit- 
eaves,  18,  287. 

—  in  new  Mexico,  unconformity 
of,  Keyes,  18,  360. 

—  outliers  in  California,  Hershey, 
14,  33. 

—  pseudoccratites  of,  Hyatt,  16, 
335. 

—  Turtles,  Kansas  and  So.  Da- 
kota, Wieland,  14,  95,  15^  211. 

—  Upper,  turtles  of  New  Jersey 
structure,  Wieland,  17,  112,  18, 
183. 

Crinoid  from  the  Hamilton  of 
Charlestown,  Ind.,  new,  Wood, 

12,  297. 
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GEOLOGY— 

Crinoid  and  molhisk,  new,  from 

the  Portage  rocks  of  New  York, 

Whitfield,   19,  464. 
Crinoids,  biserial  arm  in  certain, 

Grabau,  16,  289;  Heldcrbergian, 

Talbot,  20,  17. 
Crossotheca       and       Myriotheca, 

fronds  of,  Sellards,  14,  195. 
Cycad,   famous   fossil,   Ward,   18, 

40. 

—  See  Cycads. 
Gycadophyten,   mesozoische,   Nat- 

horst,  15,  85. 

Daemonolix,  origin  of,  Peterson, 
20,  465. 

Delta  plains  in  the  Nashua  Valley, 
Crosby,   18,  90. 

Deserts,  law  of  the  formation  of, 
Walther,  n,  326. 

Devonian  formation,  new,  in  Col- 
orado, Cross,  18,  245,  Eastman, 
18.  253. 

—  Hudson  Bay,  parasite  from, 
Parks,  18,  135. 

—  fauna  of  Kwataboahegan  River, 
Parks,  iQ,  198. 

—  paleontologv,  Williams  and 
Kindle,   19,  *400. 

Diceratops,  restoration.  Lull,  20, 

420. 
Dikes,  see  ROCKS. 
Dinosaur  footprints  from  Arizona, 

Riga's,    17,   423. 

—  largest  knowTi,  Riggs,  15,  299. 
Draguns   of   the   Air,   Seeley,    12, 

39G. 
Dustfall    of    IMareh,    1901,    in   N. 

Africa,     If«*llmann     and    Mein- 

ardus,  13,  323. 
Earth  Structure,  Evolution,  Reade, 

17,  250. 
Economic  geology',  Silverton  quad- 
rangle, Col.,  llansome,  14,  390. 
Elkhoru  Mining  District,  Montana, 

Weed  nnd  Rarrell,  15,  15S. 
Elkland-Tioga,  and  Gaines  folios. 

New  York  and  Penna.,  16,  394. 
Ellen'^burg      Folio,      Wasliington, 

Smith,  15,  328. 
Eocene     deposits     of     Maryland, 

Clark  and  Martin,  12,  77. 

—  Mammalia  in  the  Marsh  collec- 
tion, studies,  Wortman.  u,  333, 
437,  12,  143,  193,  281,  377,  421, 
13,  39,  115,  197,  433,  14,  17,  15, 
163,  399,  419,  16.  345,  17,  23, 
133,  203. 

Eocene  and  lower  Oligocene  coral 
faunas  of  U.  S.,  Vaughan,  11, 395. 


GEOLOGY— 

Eparcheean  interval,  Lawson,   14, 

71. 
Eskers,  origin  of,  Crosby,  14,  316. 
Etinde,  volcano  of  the  Cameroon 

Mts.,  Africa,  Esch,  12,  81. 
Eurj^terid   remains   in  the  Mis- 
souri   Cambrian,    Beecher,    12, 

364. 
Evolution    of   the   horse,    Gidley, 

Matthew,  15,  161. 
Faults,  overthrust,  in  central  New 

York,  Schneider,  20,  308. 
Fauna  of  Stafford  limestone,  New 

York,  Talbot,  16,  148. 
Faunas,  correlation  of  geological^ 

Williams,  16,  334. 

—  fossil,  and  their  use,  Williams, 

13.  417. 

Fenestella,  development,  Cumings, 
20,   169. 

Flora,  fossil,  of  the  Arctic,  Nat- 
horst,  15,  85. 

Footprints,  batrachian,  Matthew, 
17,  480;  dinosaur,  Arizona, 
Riggs,  17,  423;  of  the  Jura- 
Trias  of  North  America,  Lull, 
17,  402;  of  Stegomus  longipes. 
Lull,  17,  381. 

Formations  scdi mental  res 

de  Patagonia,  Ameghino,  15, 
483. 

Fossil  Botany,  Studies  in,  Scott, 

II,  471. 

—  brachiopod,  Platystrophia  lynx, 
variation  in,  Cumings  and 
Mauck,  14,  9. 

—  Invertebrates,  Catalogue,  U. 
S.  Xat.  Museum,  Schuehert,  20, 
405. 

—  niinnmals  from  the  Tertiary  of 
Colora<lo,  Matthew,  13,  476; 
from  Brazil,  J^ranner,   13,  133. 

—  plant    from    Illinois,    Sellards, 

14,  203. 

—  vertebra  la  of  North  America, 
bibliographv  and  catalogue. 
Hay,  14,  390. 

—  vertebrates,  dates  of  publica- 
tion of  certain  genera  of.  Bush, 
16,  90. 

—  wood  from  Connecticut,  13,  70. 
Fossils    of    the    Bahama    Islands, 

Dall,  19,  405. 

Furmarole  gases  from  Mount 
Pel<5e,  :Moissan,  15,  233. 

Geomorphic  origin  of  shore  lines 
of  St.  Lawrence  Valley,  Chal- 
mers,   18,    175i 
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GEOLOGY— 

Glacial,  Glaciers,  etc.,  see  Glacial, 

Glaciers,  etc. 
Gold  belt  of  Blue  Mts.,  Oregon, 

Lindgreii,  15,  158. 
Graptolites  of  New  York,  Ruede- 

maiin,  20,  406. 
ITawaiian  Islands,  geology,  Bran- 

ner,   16,   301. 
Heldorbergian     crinoids    of    New 

York,   Talbot,   20,    17. 
Helgoland,  geologj',  Vogt,   12,  82. 
Ilyopso<lida>,  Loomis,   ig,   416. 
Ice    erosion    theory,    fallacy    of, 

Fairchild,  20,  164. 

—  ramparts,  Buckley,  12,  466. 
Ice-sheet,  action  of,  on  projecting 

rock  masses,  llobbs,  14,  399. 

Idiophyllum  rotundifolium,  valid- 
ity of,  Sellards,  14,  203. 

Igneous  intrusions,  mechanics  of, 
Daly  15,  209,  16,  107. 

—  rocks,  see  Rocks. 

Indian  Territory",  geologj',  etc., 
Gould,  II,  185. 

John  Day  Basin,  Oregon,  fossil 
flora  of,  Knowlton,  15,  328. 

Jura-triaa  of  North  America,  foot- 
prints, Lull,  17,  402. 

Klamath  Mountain  section,  Cali- 
fornia, Diller,  15,  237,  342. 

Laccoliths  of  the  Black  Hills,  Jag- 
gar,  12,  160,  14,  389;  of  High- 
wood  Mts.,  Montana,  geology 
of.  Weed  and  Pirsson,  12,  1. 

Lakes,  ephemeral,  in  arid  regions, 
Keyes,   16,  377. 

Lead  and  zinc  deposits,  Ozark 
Begion,  Van  Hise,  Bain,  Adams, 
15,  158. 

Liassic  and  Oolitic  floras  of  Eng- 
land, Seward,  18,  319. 

Limestone  conglomerate  in  the 
lead  region  of  Missouri,  Nason, 
II,  396. 

Limestones,  Cambro-Ordovieian, 
Virginia,  Campbell,  20,  445. 

—  of  Miss(mri,  age  and  g(H)logical 
relations,    Nason.    12,    358. 

Little  Colorado  valley,  geology', 
Ward,  12,  401. 

Little  Falls,  N.  Y.,  geology,  Gush- 
ing 20,  156. 

Littleton,  New  Hampshire,  geol- 
ogy, Hitchcock,  20,  161. 

Ix)ess,  analysis  of  Mount  Vernon, 
Iowa,  Knight,  13,  325. 

—  of  Iowa  City  and  vicinity, 
Shimek,  12,  467. 


GEOLOGY— 

Lower  Silurian  in  Venezuela,  Dre- 


vermann,   19,  197. 


Lowlands  of  southeastern  Mis- 
souri, evolution  of,  Marbut,  14, 
392. 

Lyttoniidflp,  structure  and  organi- 
zation, Noetling,   ig,   199. 

Mammalia,  Eocene  in  Marsh  col- 
lection, see  above,  Eocene. 

Mammals,  fossil,  in  Brazil,  Bran- 


ner. 


13, 


133. 


Manganese  deposits  of  Minafi  Ge- 

racs,  Brazil,  Derby,  12,  18. 
Marble,    flow   of   under   pressure, 

Adams   and   Nicolson,    n,   397. 
Martinez      group,      paleontology, 

Weaver,  20,   159. 
Mastodon  humboldtii  in  northern 

Mexico,    Sheldon,    i^,    330. 

—  remains  from  Bolivia,  20,  465. 
Mat  a  wan    formation,    Clark,    18, 

435. 

Merj'eocha»rus  in  Montana,  Doug- 
lass, II,  73. 

^lesozoic  of  Arizona,  Ward,  12, 
401. 

—  Fossils,  vol.  i,  pt.  IV.,  Whit- 
eaves,  II,  171. 

—  plants  from  Korea,  Yabe,  ao, 
400. 

Metamorphism,  physical  effects  of 
contact,  Barrell,  13,  279. 

—  Treatise  on,  Van  Hise,  ig,  251. 
Meta somatic   processes   in   fissure 

veins,  Lindgren,  n,  243. 
Mineral  veins,  influence  of  country 
rock  on,  Weed,  iq,  324. 

—  wealth  of  the  Bfack  Hills,  13, 
474. 

Mollusk-f auna   of   Alaska   and 

Siberia,  Dall,  19,  465. 
Monument   Creek    formation,   age 

of,  Darton,  20,  178. 
Monzoni     and     Fassa,     geological 

structure,  Gordon,  16,  473. 

—  region  in  the  Tyrol,  petrog- 
raphy and  geology,  Ilomberg 
and  Doelter,  14,  463. 

Mylagaulodon,  new  rodent  from 
Oregon,  Sinclair,  15,  143. 

Names  of  geologic  formations, 
Weeks,  14,  391. 

Natural  bridges,  formation,  Cle- 
land,  20,  119. 

Newark  system,  former  extent  of, 
Hobbs,  14,  71;  of  Pomperaug 
Valley,  Conn.,  Hobbs,  13,  70. 

New  England,  geol.  structure  of 
southwestern,    Hobbs,  .  15,    437. 
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GEOLOGY— 

Niagara  domes  of  northern  Indi- 
ana, Kindle,  15,  459;  formation 
of  Northern  Indiana,  Kindle 
and  Breger,  18,  465;  limestonee 
of  Indiana,  Kindle,  14,  221. 

Ohio  Coal-measures,   Prosser, 
191. 

Ordovician-Silurian      contact 
Indiana,  Foerste,  18,  321. 

Ore  deposits,  see  Ore. 

PaljTontologieal  collection,  iVnieri- 
can  Museum  Natural  HLstory, 
catalogue,  Whitfield,  13,  159. 

Paleozoic  brachiopod,  study  of, 
Cumings,  15,  1,  121. 

—  cockrojvches,  Sellards,  15,  307, 
4S8,  18,  113,  213. 

—  corals,  Canadian,  Lambe,  12,  79. 

—  faunas  of  New  Jersey,  Weller, 
16,   103. 

Paraphorhynchus,     new     brachio- 

poii,  Wellor,  20,  100. 
Patriofelis  ferox.  Marsh,  13,  117. 
Peat   bogs   of   Switzerland,    Frtih 

and  Schroter,  20,   102. 
Periodic  migrations  between  Asia 

and   America,    Smith,    17,    217. 
Permian  of  Kansas,  fossil  insects 

in,    Sellards,    16,    323 ;    Xipho- 

buran  from,  Beechor,   18,  23. 

—  upper,  in  western  Texas,  Girty, 
14,  363. 

Perrv  Basin  in 
Maine,  geology. 
White,  19,  256.' 

Pie<lmont  plateau  in  Maryland, 
structure,  Mathews,  17,  141, 
249. 

Plalystrophia  lynx,  variations  in 
the  fossil  brachiopod,  Cumings 
and  Mauck,  14,  9 :  morpho- 
genesis of,  Cumings,  15,  1, 
121. 

Pleistocene  epoch,  influence  of 
winds  upon  climate  during, 
Htirnier,  iq,  70. 

—  geology  of  Nassau  Co.,  N.  Y., 
Woodworth,  13,  477 ;  of  western 
New  York,  Fairchild,  14,  393; 
of  the  Sierra  Nevada,  Turner, 
II,  242. 

Ple^iosaurs,  North  America,  S. 
W.  Williston.  16,  473. 

Pliocene  and  Pleistocene,  marine, 
of  San  Pe<lro,  California,  Ar- 
nold, 17,  92. 

Plisseuients  et  dislocations  de 
I'ecorce  terrestre  en  Gr^ce, 
Negri  s,  14,  71. 


southeastern 
Smith      and 


GEOLOGY— 

Postglacial  changes  of  level  at 
Cape  Ann,  Ma«s.,  Tarr  and 
Wood  worth,    17,   92. 

Potomac  group  of  the  middle  At- 
lantic slope,  geology,  Clark  and 
Bibbins,  14,  392. 

Pre-Iroquois  channels  between 
Syracuse  and  Rome,  N.  Y.,  Fair- 
child,  17,  93. 

Primates,  Eocene,  in  Marsh  Collec- 
tion,  Wortman,  15,  103,399,419. 

Protostega,  hind  limb  of,  Willis- 
ton,    13,   276. 

Pteranodon,  characters  of,  Eaton, 
16,  82,  17.  318. 

Qua  tenia  rj'  history  of  southern 
California,    Hershey,    14,    71. 

Quebec,  contribution  to  geology, 
Dresser,  14,  43. 

Reptiles,   flying,   Seeley,    12,   396. 

—  of  the  Titanothere  beds, 
Loomis,  18,  427. 

River  system  of  Connecticut, 
ITobbs,  12,  407. 

—  terraces  of  Klamath  region, 
California,  Ilershey,  16,  240; 
of  Westfield  river,  Mass.,  Davis, 
14,  77. 

Rock    cleavage.    Tjcith,    20,    406; 

Becker,  20,  407. 
Rocks  in  the  Nile  cataracts,  black 

color  of,  14,  04. 

—  See  further,   ROCKS. 
Romingeria,  on  the  genus,  Beecher, 

16,  1. 

Sedimentary  rocks  of  the  Trans- 
vaal.  Hatch,  ig,  258. 

Siebengebirge  am  Rhein,  das,  Las- 
pevrcs,  13,  72. 

Silicic  acid  in  mountain  streams, 
Headden,  16,  109. 

Siluric  or  Ontaric  section  of  east- 
ern New  York,  Ilartnagel,  19, 
404. 

Sinopa  agilis,  ^larsh,  13,  437. 

Snake  River  plains,  Idaho,  geol- 
ogy' and  water  resources,  Rus- 
sell, 15,  238. 

Spine   on  Mt.  Pel^,  Jaggar,  17,  34. 

Stafford  limestone  of  New  lork, 
fauna  of,  Talbot,  i6,  148. 

Stegoraus  longipes  from  Connecti- 
cut Valley,  Emerson  and 
Loomis,  17,  377 ;  Lull,  17,  381. 

Suess'  theories,  bearing  of  physio- 
graphy upon,  Davis,  ig,  265. 

Sulphur,  oil,  etc.,  in  Texas,  13,  413. 

Sympterura  minveri,  Devonian 
ophiurid.  Bather,  20,  160. 
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GEOLOGY— 

Taoonic  range,  geology,  Dale,  17, 
185. 

Tertiary  of  Colorado,  coleoptera 
from,  Scudder,  13,  475;  origin 
of  deposits,  Matthew,  Wortman, 

13,  476. 

—  fauna  of  Florida,  Dall,  11,  170, 
17,  93. 

—  springs  of  West.  Kansas  and 
Oklahoma,  Gould,  11,  263. 

—  Lower,  fauna  of  Chappaquid- 
dick  Island,  Brown,  20,  -20. 

Texas,  goolog.  papers  from  1886- 
1S96,  Simonds,  11,  170. 

—  re^'ion,  physical  geography. 
Hill,  II,  90.* 

Thalattosauria,    California,    Mer- 

riani,  20,  101. 
Toxo<rhelys,    new   Niobrara,    Wie- 

land,  20,  325. 
Triassic  fishes,  collection  at  Yale, 

Ealon^  15,  259. 

—  Ichthyopterygia  from  Cal- 
ifornia   and   Xevada,   Merriam, 

14,  407 ;     Ichtliyosauria,    Mer- 
riani,  19,  23. 

—  ftVr*t(*ni  in  Xew  Mexico,  Keyee, 
20,  423. 

Triceratops  prorsii*?,  moimted  skel- 
etons, Scluicliert,  20,  458. 

Trilobites  of  the  Chazy  limestone, 
Raymond,  ig,  464. 

—  ventral  integument  of,  Beecher, 
13,  165. 

Tritirites,  Girty,  17,  234. 
Tritubcroular  theory,  Cshorn,  17, 

321. 
Tally    quadrangle,    map,    Clarke 

and   leather,   20,    158. 
Turtli^s,     fossil,     in     the     Marsh 

Collation,  Hay.  18.  261. 

—  oi  New  Jersey  CreUiceous,  Wie- 
land,  14,  95,' 17.  112,  18.  183, 
20,  430. 

—  marine,  Wieland,  15,  211,  20, 
325. 

Uintacrinus  and  Hemiaster  in 
Vancouver  Cretaceous,  Wbit- 
eaves,  18,  2S7. 

Unionidip,  origin  of  No.  America, 
White.   20,    160. 

Urals,   geologA'    and   petrography, 

15,  83. 

Valleys,  hanging,  Russell,  20,  165. 

—  olT  North  America,  submarine, 
Spencer,  19,  1,  341. 

Vertebrates  of  the  Northwest  Ter- 
ritory, Osboru  and  Lambe,  14, 
393.* 


GEOLOGY— 

Vesu\'ius,  explosive  activity  of, 
during  April  and  May,  1900, 
Matteucci,  12,  81. 
\jolcanic  eruptions  of  1902  on  St. 
Vincent  and  Martinique,  14,  72, 
312;  Hovey,  14,  319. 

• massive-solid,     Russell,     17, 

253. 
—  See   Volcanoes. 
Watkins  and  Elmira  quadrangles, 
geologj%  Clarke  and  Luther,  20, 
157. 
Worcester,  Mass.,  geology,  Perry 

and  Emerson,  17,  91. 
Zinc  and  lead  deposits  of  Arkan- 
sas, 18,  394,  470. 
Georgia,    granites    and    gneiss    of, 

Watson,  15,  482. 
Gesteinskunde  fiir  Techniker,  etc., 

Rinn^,  14,  463. 
Getman,  F.  H.,  Laboratory  Exer- 
cises in  Physical  Chemistry,  18, 
82. 
Gibbs,  J.  Willard,  Copley  medal, 
received  by,  12,  474 ;  work  on  Vec- 
tor Analysis,  13,  158;  Elementary 
Principles  in  Statistical  Mechan- 
ics, etc.,  14,  69. 

—  obituai-y  notice,  Bumstead,  16, 
187. 

Gilbert,  G.  K.,  Alaska,  glaciers  and 
glaciation,  18,  159;  plans  for 
obtaining  subterranean  tempera- 
tures.   19,    303. 

Gilbert,  R.  D.,  precipitation  of 
ammonium  vanadate,  14,  205;  use 
of  /inc  reductor  in  estimation  of 
vanadic  acid,  15,  389. 

Gilmore,  C.  W.,  osteology  of  Bap- 
tiUKxlon,  20,  403. 

Girty,  G.  H.,  upper  Permian  in 
western  Texas,  14,  363:  Triticites, 
17,  234;  Carboniferous  of  Colo- 
rado. 18,  158. 

Glacial  conglomerate,  South  Africa, 
:Mellor.   18.  89,  20,  107. 

—  drift  at  Woodstock,  Conn.,  Eggles- 
ton,  13.  403. 

—  erosion,  Fairehild,  20,  164. 

—  formations  of  the  Erie  and  Ohio 
Basins,  Leverett,  15,  160. 

—  formations  and  fauna,  Norway, 
Brogger,  13,  322. 

—  geology  of  New  Jersey,  Salisbury, 
15,  418;  of  Tasmania,  Gregory, 
17,  --^H. 

—  period,  cause  of.  True,  15,  161. 

—  remains  neir  Woodstock,  Conn., 
Eggleston,  13,  403. 
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Glacial  studies  in  Canadian  Rock- 
ies, Scherzer,  20,  80. 

Glaciation  in  the  Alps,  Penck,  14, 
315,  15,  238,  20,  407. 

—  of  the  Green  Mts.,  Hitchcock,  20,  i 
166. 

—  of  Xew  Zealand,  Andrews,  20, 464. 

—  in  Poniperaug  valley,  Hobbs,  14, ' 
399. 

—  in  South  Africa,  u,  325;  Mellor, 
18,  89;  Frames,  19,  197;  Mellor, 
20,  107. 

Glacier,  Delavan  lobe  of  L.  Michi- 
gan, Alden,  20,  409. 

Glaciers  ancient,  in  Tierra  del  Fuego 
and  Antarctic,  12,  464. 

—  periodic  variations  of,  11,  168, 
12,  465,  15,  160. 

—  and  Glaciation  in  Alaska,  Gilbert, 
18,  159. 

Glass,  plasticity  and  adhesiveness 
of,  Piccard,  14,  456. 

—  quartz,   see   Quartz. 
Glazebrook,  R.  T.,  Electricity  and 

Magnetism,  17,  246. 
Glenn,  L.  C,  new  meteorite,  Hen- 

dersonville,  N.  C,  i7,  215. 
Grold,  melting  point  of,  Holborn  and 

Day,  II,   145, 

—  Sec  CHEMISTRY,  MINER- 
ALS. 

Goldschmidt,  V.,  Harmonic  und 
Complication,  12,  325;  new  forma 
of  speriylite,  15,  83,  450. 

Gooch,  F.  A.,  Rosea rcli  Paporj^  from 
the  Kent  Chemical  Laboratory, 
Yale  Univ.,  12,  321 ;  molybdic  acid 
reduced   by  hydriodie  acid,  12,  449. 

—  precipitation  of  ammonium  vana- 
date, 14,  205 ;  estimation  of  bromic 
acid,  14,  285;  reduction  of  vana- 
dic  acid,  14,  309. 

—  use  of  the  rotating  cathode  in  the 
electrolvtic  det<^rmination  of  met-  , 

ft. 

ala,  15,  320;  use  of  zinc  reductor 
in  estimation  of  vanadic  acid  15, 
389.  ! 

—  action  of  halogen  acids  on  vana- 
dic acid,  17,  41 ;  typical  hydrous 
chlorides,  ly,  365.  ! 

—  handling  of  precipitates  for  solu- 
tion and  reprecipitation,  20,  11; 
Inorganic  Chemistry*,  20,  66. 

Gooch-erucible,   modified,   Horaeus, 

12,  388. 
Good  seeing,  Langley,  15,  89. 
Goo^ale,  G.  L.,  Harvard  experiment 

station  in  C'uba,  18,  91. 
Goode,    George    Brown,    Memorial, 

II,  401. 


Gould,  C.  N.,  geology  of  Indian 
Territory,  etc.,  11,  185;  Tertiary 
Springs  of  West.  Kansas  and 
Oklahoma,  11,  263. 

Grabau,  A.  W.,  biserial  arm  in  cer- 
tain crinoids,  16,  289. 

Gratings,  concave,  Rollins,  15,  49. 

Graton,  L.  C,  purpurite,  new  min- 
eral, 20,  146. 

Gravitation  energy,  absorption  by 
radio-active  substances,  Kauf- 
mann,  15,  415. 

Gray,  E.,  Nature's  Miracles,  12, 
325. 

Greenland,  rocks  of  Nugsuaks  Pen- 
insula, Phelan,  18,  399;  Cape 
York  meteorites,  10,  263. 

Green  Mts.,  glaciation,  Hitchcock, 
20,  166. 

Green's  mathematical  papers,  16, 
392. 

Grey,  R.  M.,  Harvard  Botanical 
Station  in  Cuba,  18.  92. 

Grinten,  A.  J.,  van  der,  projection 
of  the  earth's  surface,  19,  357. 

Groth,  L.  A.;  Potash  Salts,  15,  80. 

Groth,  P.,  Einleitung  in  die  chem- 
ische  Krystallographie,  ig,  467. 

Gu6rin,  P.,  Recherches  sur  les  Gra- 
min^es,  13,  478. 

Guild,  F.  W.,  petrography  of  the 
Tucson  Mts.,  Arizona,  20,  313. 

Guppy,  H.  B.,  Naturalist  in  the 
Pacific,  18,  244. 

Guttmann,  L.  F.,  Percentage  Tables 
for  Elementaiy  Analysis,  19,  456. 

H 

Hageman,  S.  A.,  a  just  intonation 
piano,  II,  224, 

Hale,  F.  E.,  initiative  action  of 
io<line,  etc.,  13,  379. 

Hall,  C.  W.,  Geography  of  Minne- 
sota, 16,  104. 

Hallock,  W.,  Very  on  atmospheric 
radiation,  11,  230. 

Hand,  J.  E.,  I<leals  of  Science  and 
Faith,  19,  2(>3. 

Harmonie  und  Complication,  Gold- 
schmidt, 12,  325. 

Harrington,  B.  J.,  composition  of 
some  Canadian  ampbilwles,  15, 
302:  formula  of  bornite,  16,  151; 
fetid  calcit<%  iq,  345;  apparatus 
for  vapor   densities,   20,   225. 

Hartley,  W.  N.,  notes  on  quantita- 
tive spectra  of  beryllium,  13,  156. 

Harvard  Botanic  Garden,  memorial 
greenhouses,  13,  162. 
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Harvard  Botanical  Station  in  Cuba, 
13,  32.3,  16.  105,  18,  91,  92. 

—  Astronomical  Obsen'atory,  see 
Observatory. 

Hastings,  C.  S.,  Light,  13,  64. 

—  optical  constants  of  the  eye  for 
difToront  colors,  19,  205;  error 
of  colliniation  in  the  eye,  19,  310; 
visual  phenomena  depending  upon 
optical  errors  of  the  eye,  19,  401. 

Hatcher,  J.  B.,  review  of  Ameghino's 
Patagonia,  15,  483;  two  new  Cer- 
at4:»psia,   Wyoming,   20,  413. 

—  obituary  notice,   18,   163. 
Havana,  .study  of  yellow  fever  in, 

(Jargas,  14,  75. 
Hawaiian     Islands,     geology     of, 
Branner,    16,   301;  Dall,    17,    177. 

—  tlio  volcano  of  Kau,  Emerson,  14, 
431. 

Hay,  O.  P.,  fossil  vertebrates  of 
N.  America,  14,  390;  fossil  tur- 
tles in  Marsh  Collection,  18,  261. 

Hayes,  C.  W.,  Contributions  to  eco- 
nomic geolog}',  16,  101. 

Headden,  W.  P.,  silicic  acid  in 
mountain  streams,  16,  109;  group 
of  radium  bearing  springs,  Col- 
orado, 19,  297. 

Heat  of  combustion  of  carbon 
Mixter  19,  434;  of  hvdrogen, 
Mixter,  16,  214. 

Heilprin,  A.,  the.  tower  of  Pel^, 
19,  200;  review  of  Lacroix,  La 
IVIont-agne  Pel^  et  ses  Eruptions, 
19,  465. 

Heinemann.  P.  G.,  Laboratory 
Guide  in  Bacteriology,  20,  469. 

Heinze,  J.  O.,  Jr.,  actinism  of  the 
X-Kiiys,  13,  313. 

Helgeland,   geolog>%   Vogt,    12,   82. 

Helium,   s<>c  CHEMISTRY. 

—  tubes  as  indicators  of  electric 
waves,  Dorn,  19,  454. 

Hering,  C.  Reference  Tables,  18,  96. 

Hershey,  O.  H.,  Cretaceous  outliers 
in  California,  14,  33;  river  ter- 
races of  California,  16,  240. 

Hertzian  Waves,  see  waves,  under 
Electric. 

Heterogenesis,  studies  in,  Bastian, 
17,  410. 

Heusler  magnetic  allovs,  Gumlich, 
19,  :V.)0. 

Hidden.  W.  E.,  corundum  t\vins, 
13,  474  :  mineral  research  in  Llano 
Co.,  Texas,  19,  425;  cassiterite, 
a  now  cleavage.  20,  410. 

Highwood  Mts.,  laccoliths  in, 
Weed  and  Pirsson,   12,   1.     * 


Hill,  B.  F.,  Texas  mercury  minerals, 

16,  251. 
Hill,  H.  D.,  measurement  of  self- 

induct.ance,    19,   149. 
Hill,  R.  T.,  physical  geography  of 

the  Texas  region,   11,  90. 
Hillebrand,  W.  F.,  composition  of 

yttrialitc  and  thalenite.   13,   145; 

additions   to   the   alunito-jarosite 

group,  14,  211;  on  lawsonite,  17, 

195;     emmonsite     (?),    18,    433; 

minerals  from  Arizona,   18,  448; 

red  beryl  from  Utah,  19,  330. 

Hintze,  C,  Handbuch  der  Mineralo- 

gie.  18,  472. 
Hitchcock,  C.  H.,  glaciation  of  the 

Green  Mts.,  20.  166. 

Hobbs,  W.  H.,  Newark  system  of 
Pomperaug  Valley,  Conn.,  13,  70; 
still  rivers  of  western  Connecti- 
cut, 13,  243;  action  of  ice-sheet 
on  projecting  rock  masses,  14, 
399;  geological  structure  of 
southwestern  New  England,  15, 
437 ;  origin  of  channels  around 
Manhattan  Island,  20,  71. 

Hober,  R.,  Physikalischc  Chemie 
der  Zelle,  etc.,  15,  80. 

Hodgkins  gold  medal  awarded,  14, 
470. 

Hoffman,  G.  C,  new  minerals  in 
Canada,  11,  149;  mineral  occur- 
rences in  Canada,  12,  447;  chrom- 
picotite  in  Canada,  13,  242;  soue- 
site,  19,  319. 

Hofmeister,  F.,  Beitrage  zur  chem- 
ischen  Physiologic,  12,  474,  13, 
242,  412,  471,  14,  69,  398,  15, 
235,  479,  17,  96,  331,  18,  402,  20, 
168. 

Holborn,  L.,  melting  point  of  gold, 
II,  145;  expansion  of  metals  at 
high   temperatures,   11,  374. 

Holden,  I.,  Phycologia  Boreali- 
Americana,   15,  239. 

Holm,  T.,  Studies  in  the  Cypera- 
cejr,  XV,  Ca rices  (viffu^w)  a^tro- 
stack  yw,  II,  205;  xvi,  Carice^ 
phyHocvphalcv  and  leuccoce-phalce, 
14,  57 ;  xvii,  Carcx  Tolmici,  14, 
417;  xviii,  Ca  rices  fusca  and 
bipartita,  15,  145;  xix,  Carex  in 
Colorado,  16,  17;  xx,  Greges  Cart- 
curHf  16,  445;  xxi,  new  species  of 
Cnrrx,  17,  301 ;  xxii,  CypcracecB 
from  British  Cohtmhia^  18,  12; 
xxiii,  ir* florescence  of  Cypcrus  in 
No.  America,  18,  301;  xxiv,  Cari- 
ces  from  X.  W.  America,  20,  301. 
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Holm,  T.,  Erigenia  bulbosa,  ii,  63; 
Triadeniun  virgiiiicum  (L.)  Riifin, 
i6,  309;  root  'structure  of  North 
American  orchidcae,  i8,  107; 
Anemiopsis  califomica,  ig,  76; 
Croomia  paiiciflora,  20,  50. 

Holtz  machine,  new,  Wommels- 
dorf,  14,  459. 

Hormell,  W.  G.,  dielectric  constant 
of  paraffins,  12,  433. 

Horse,  evolution  of,  Matthew,  15, 
161;  tooth  characters  and  revis- 
ion of,  Gidley,  15,  161. 

Hough,  R.  H.,  mechanical  equiva- 
lent of  lieat  vaporization  of  water, 
20,  81. 

Hovcy,  E.  O.,  eruptions  of  1902  on 
St.  Vincent  and  Martinique,  14, 
319;  new  cone  of  Mt.  PelC»e,  Mar- 
tinique, 16,  269. 

Howe,  E.,  experiments  illustrating 
intrusion,  etc.,  i^,  160,  14,  389; 
tuffs  of  the  Soufri^re,  St.  Vincent, 
16,  317. 

Howe,  H.  M.,  Metallurgical  Labora- 
tory Notes,  15,  79. 

Howe,  J.  L.,  meteoric  iron  from 
Virginia,  15,  469. 

Howorth,  H.  H.,  Ice  or  Water,  20, 
166. 

Hudson  River,  submarine  canyon 
of,  J.  W.  Spencer,  19,  1. 

Hutchins,  C.  C,  Boys  radiomicro- 
meter,  15,  249;airradiation,i8,277. 

Hyatt,  A.,  pseudoceratitos  of  the 
Cretaceous,    16,    335. 

Hyatt  Memorial  fund  for  field  les- 
sons, 17,  484. 

Hydrogen,  conductivity  by  nega- 
tively charged  ions,  Townsend 
and  Kirkhy,  12,  76. 

—  helium,  etc.,  si)ectra  in  the  ultra- 
violet, Schniederjost,  ig,  85. 

—  light  transparency  of,  Schumann, 
II,  394. 

—  spectra  of,  Trowbridge,   12,   310, 

14,  457. 

—  stratifications   of,  Crookes,  i3,319. 

—  See  also  CHEMISTRY. 
Hygiene,   Journal   of,   English,    n, 

4/4. 
Hysteresis,   apparent,   in  torsional 
magnetostriction,    Bar  us,    u,    97. 

—  measurement  of,  Crook,   n,  365. 


Ice    or    Water,    Howorth,    20,    166. 
Idaho,  Snake  River  Plains,  geology 

and  water  resources,  Russell,   15, 

238. 


Iddings,  J.  P.,  chemico-mineralogi- 
cal  classification  of  igneous  rocks, 
14,  461 ;  chemical  composition  of 
igneous  rocks,  17,  179;  optical 
study  of  the  feldspars,  20,  72. 

Igneous  intrusions,  mechanics  of, 
Daly,  15,  269,  16,  107,  267;  E. 
Howe,  13,  160,  14,  389. 

—  rocks,  see  ROCKS. 

Illinois,  Carboniferous  ferns,  Sel- 
lards,  14,  195. 

—  chemical  survey  of  the  waters 
of.  Palmer,   18,  396. 

—  zinc-lcjid  deposits,  Bain,  19,  457. 
Index    Animalium,    Sherbom,     15, 

334. 
India,    Cambrian   faunas   of,    Wal- 
cott,  20,  404,  405. 

—  Charnock  series  in,  Holland,  11, 
89. 

Indian  Territory,  etc.,  geology, 
Gould,  II,  185. 

—  village,  old,  Udden,  11,  95. 

Indiana  Oeol.  Survey,  see  GEOL. 

REPORTS. 
* — geological  raap,  Hopkins,  19,  88. 

—  Niagara  limestones,  Kindle,  14, 
221;  domes,  Kindle,  15,  459; 
formation.  Kindle  and  Breger,  18, 
465. 

—  Ordovician-silurian  contact  in, 
Foerste,  18,  321. 

Induction    coil,    Rayleigh,    13,    62. 

—  unipolar.  Lecher,  11,  87;  Hagen- 
bach,  II,  320. 

Insulation  in  a  vacuum,  Kelvin,  18, 

464. 
Interfercnz-Erschcinungen    im    po- 

larisirten    Licht,    Hauswaldt,    18, 

397. 
International  Scientific  Congress  at 

St.  Louis,  18,  162. 

—  Catalogue  of  Scientific  Litera- 
ture, 14,  317,  15.  491,  17,  94. 

—  Quarterly,  14.  318. 
Intrusions,   igneous,   mechanics   of, 

Daly,  15,  269,  16,  107,  267. 
Ion,  charge  on,  produced  in  air  by 

Runtgen    rays,    Wilson,    15,    416; 

electricity     carried     by     gaseous, 

Thonirson,   15,  327. 
Ionization   of   air.  Wood,    19,   454; 

pro<luced  by  corpuscles  of  radium, 

Durack,  15,  480. 

—  bv    Rrmtgen    rays,   McClung,    17, 

—  of  water  nuclei,  Barus,  15,105, 
217. 

—  and  plant  growth,  Plo>^nnan,  14, 
129. 
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Ions,  prcKlucing  conductivity,  u, 
238. 

—  conductivity  produced  in  hy- 
drogen, etc.,  by  the  motion  of  neg- 
atively charged,  Townsend  and 
Kirkby,  12,  76. 

—  free,  in  electrolytes,  Olsen,  14, 
237. 

—  gaseous,  carrying  electricity, 
Thomson,  15,  327. 

—  migration  of,  Gans,   12,  463. 

—  negative,  from  heated  metals, 
Weimelt,  18,  391. 

—  and  nuclei  behavior  distinguished, 
Barus,  12,  327;  in  dust-free  air, 
Bariis,  20, 448.  See  further  imder 
Barus,  C. 

Iowa    Geol.    Survev,    see    GEOL. 

REPORTS. 

—  loess  from,  13,  325. 

Iron  spectrum,  photography  of 
ultra-red,  Lehmann,   15,   156. 

—  See  CHEMISTRY. 
Iron-nickel    alloys,    natural,    Hoff- 
mann, ig,  319;  Jamieson,  ig,  413. 

Irving,  E.,  Starry  Heavens,  ig,  204'. 
Italy,  i)etrography  of  Alpine,  Artini 
and  Melzi,  13,  324. 

—  volcanoes  of  central,  Sabatini,  11, 
171. 


Jaggar,  T.  A.,  Jr.,  initial  stages  of 
Spine  on  Pel^e,  17,  34;  laccoliths 
of  Black  Hill,  13,  IGO,  14.  389. 

Jamieson,  G.  S.,  natural  iron-nickel 
allovs,  awaruite,  ig,  413;  tychite, 
20,  217. 

Japan,  Beitriige  zur  Mineralogie 
von,  Wada,  ig,  399. 

—  Eartliquakc  Investigation  Com- 
mittee publications,  see  Earth- 
quake. 

—  magnetic  survev,  Tanakadate,  20, 
1G7. 

—  ^Minerals    of,   Wada,    ig,    89. 

—  recent  seisniological  investiga- 
tion:*,   Kikuehi,    ig,   88. 

Jeans,  J.  H.,  Dvnauiical  Theorv  of 
Oa^es,    ig,    328. 

Jefferis  Alineral  Collection,  ig,  204. 

Jepson,  W.  L.,  Flora  of  West 
^lifldlo  California,  11.  471. 

Jones,  H.  C,  Eloetro-Chemistry, 
13,  241;  Phvsical  Choniistrv%  13, 
317. 

Jones,  L.  C,  action  of  carbon  diox- 
ide on  tlie  borates  of  barium,  14, 
49. 


K 

Kansas,  Carboniferous  formation 
of,  Williams,  17,  248. 

—  Concretions  of.  Bell,  n,  315. 

—  Farmington,  meteorite,  Farring- 
ton,  II,  60. 

—  fossil  insects  in  the  Permian  of, 
Sellards,  16,  323. 

—  Geological  survey,  vol.  vi,  Paleon- 
t^Jogj',  II,  324;  Report  .on  Min- 
eral waters,  Bailey,  14,  461. 

—  mineral  resources.  Ha  worth,  17, 
406. 

—  new  xiphosuran,  Beecher,  i8,-  23. 

—  oil  and  gas  field,  19,  457. 

—  Tertiary  springs,  wuld,  n,  263. 
Kayser,  H.,  Handbuch  der  Spectro- 
scopic, 14,  460,  20,  69. 

Kelvin,  dynamical  theory  of  light 
and  heat,  12,  391;  ether  and 
gravitational  matter  in  space,  12, 
390. 

Kent  Chemical  Laboratory,  Re- 
search papers  from,  Yale  Uni- 
versity, Gooch,  12,  321. 

Keyes,  C.  R.,  time  values  of  pro- 
vincial    Carboniferous     terranes, 

12,  305;  geological  structure  of 
Bolson  Plains,  New  Mexico,  15, 
207 ;  ephemeral  lakci*  in  arid 
regions,  16,  377 ;  unconformity  of 
Cretaceous  in  New  Mexico,  18, 
360;  Triassic  svstem  in  New 
Mexico,  20,  423. 

Kilimandjaro  to  Meru,  Africa, 
Uhlig,  20,  78. 

Kindle,  E.  M.,  Niagara  limestones 
of  Indiana,  14,  221;  Niagara 
domes  of  northern  Indiana,  15, 
459;  Indiana  Niagara  formation, 
18,  405;  Devonian  Paleontology, 
ig,  400. 

Kinetic  theory.  Applications,  Boyn- 
ton,  18,  80. 

King,  Clarence,  obituary  notice  of, 

13,  103.  224. 

Kirkby,  P.  J.,  electric  conductivities 
produced  in  air  by  motion  of  nega- 
tive ions,  13,  240. 

Klamath  Mt.,  section,  Cal.,  Diller, 
15,  342. 

—  terraces,  Hershey,  16,  240. 
Knight,    N.,    Iowa    dolomites,    11, 

244 ;    loess  analysis,   13,   325. 
Knight,  W.  C,  notes  on  the  genus 
Baptanodon,  16,  76. 

—  obituary  notice,  16,  268. 
Knowledge,  The  New,  Duncan,  ig, 

456. 
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Knowlton,  F.  H.,  fossil  wood  from    Lassar-Cohn,  Introduction  to  Mod- 
Connecticut,  13,  70.  em  Scientific  Chemistry,  u,  319. 
Koenig,  G.  A.,  new  species  melano-    —  (Jeneral  Organic  Reactions,  trans- 

chalcite  and  keweenawite,  14,  404.        lated  by  J.  B.  Tingle,  19,  84. 
Korea,  Mesozoic  plants  from,  Yabe,    La  Wall,   C.   H.,   Text-book  of  Or- 

20,  406.  ganic  Chemistry,  19,  325. 

Kraus,  E.  H.,  celestite  near  Syra-    LcConte,  J.,  Elements  of  Geology, 

cuse,  N.  Y.,  18,  30;  celestite-bear-        16,  390. 

ing  rocks,  19,  286.  '  Lcffmann,  H.,  Text- book  of  Organic 

Kreider,  D.  A.,  iodine  titration  vol-        Chemistry,   19,  325. 

tameter,  20,  1.  ,  Lehmann,  O.,  Physikalische  Toch- 

Kreider,  J.  L.,  apparatus  for  deter-       nik,  18,  313. 

mining    volatile    substances,     19,    Lcith,  J.  B.,  rock  cleavage,  20,  406. 

188;    typical    hydrous    bromides,    Leonids  in  1901:    at  New  Haven, 

20,  97.  Connecticut,  13,  79;   at  Phoenix, 

Kristallinische      Flilssigkeiten,        Arizona,  13,  79;   at  Havre,  Mon- 

Sohenck,  19,  454.  i      tana,  13,  80. 

Krypton,  sec  CHEMISTRY.  Lester,   O.    C,   oxygen   absorption 

Krystallographie,  Einleitung  in  die        bands  of  solar  spectrum,  18,  147. 

chemische,  Groth,  19,  467 ;  Grund-    Level,  changes  at  Cape  Ann,  Mass., 

zflge  der,  Viola,  19,  467.  ,      Tarr    and    Woodworth,     17,    92; 

Kundt,   A.,   Experimental   Physics,        near  New  York  City,  Tuttle,  17, 

15,  481.  333. 

Kunz,  G.  F.,  new  lilac-colored  spodu-    Leverett,  F.,  glacial  formations  of 

inene,  i6,264;    Californite,  i6,397;        Erie  and  Ohio  Basins,  15,  160. 

native  bismuth  and  bismite,  Cali-  '  Light,  Hastings,  13,  64. 

fomia,    16,    398;    production    of!  —  electrical  effect  of,  Lenard,  14,  67. 

precious  stones  in  1902,  16,  399;    — and    heat,    dynamical   theory   of, 

effects    on    rare   earth    oxides    of        Kelvin,  12,  391. 

radium-barium     compounds,     17,    —  interference     of,     Lummer     and 

79;    kunzite,   18,   25;    moissanite,        Gehrcke,  15,  326. 

19,390.  ! — pressure     of,     Bartoli,     19,     86; 

Nichols,    Hull    and    Lebedew,    13, 
Y  61 ;   Poynting,  19,  453. 

:  —  reflection  by  colored  papers,  Min- 
Laboratoire      de  V  Usine,     HouUe-       chin,  19,  445. 

vigue,  20,   168.  — velocity,  Michelson,   13,  471. 

Laccoliths,   see   GEOLOGY.  —  Waves    and    their    Uses,    Michel- 

Lacroix     A.,     Minora  logic     de    la       son,  16,  331. 

France   et   ses   Colonies,    14,    70;  ;  Lindgrcn,    W.,    fissure    veins,    u, 

Mt.   Pel^e  and  its  eruptions,   19,        243;    geologj'    of    the    Bitterroot 

465.  ,      Range  of  Montana  and  Idaho,  18, 

Lakes,   ephemeral  in   arid   regions,        395;   minerals  from  Arizona,   18, 

Keyes,  16,  377.  448. 

Lakes,  A.,  Geology  of  Western  Ore    Line  drawing,  machine-made,  Daly, 

Deposits,  20,  409.  19,  227. 

Lamarck,  Life  and  Work  of.  Pack-    Ling,    C.    W.,    Leonids    at    Havre, 

ard,  13,  65.  Montana,  13,  80. 

Landis,  D.  S.,  Leonids  at  Phoenix,    Lippman's       color       photography, 

Arizona,  13,  79.  Pfaundler,    18,   463. 

Landolt-Bornstein       Physikalisch-  i  Liquids,  determination   of  density, 

Chemische  Tabellen,  20,  401.  Girardet,   13,   153. 

Lane,   A.    C,   Queneau   on    size   of  |  —  molecular    weights    of,    Speyers, 

grain  in  igneous  rocks,  14,  393.  17,  427. 

Langley,  S.  P.,  the  new  spectrum,    —  thickness    of,    by    condensation, 

II,  403;   annals  of  Astrophysical  ;      Parks,  15,  480. 

Observatory,  11,  473;  Experiments    Lithology,  Outline  of  Elementary, 

in  Aerodynamics,  14,  318;  "good  |      Barton,  12,  409. 

seeing,"  15,  89.  I  Littleton,    N.    H.,    geology,    Hitch- 

—  reports  of,  see  Smithsonian.  cock,  20,  161. 
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Liveing,    G.    D.,   spectrum   of   the  ■  Magnetic     effects 
more  volatile  gases  of  atmospheric  ,      Lloyd,    12,   57. 


of     tellurium. 


air,    II,    154;    separation    of    the 

least  volatile  gases  of  atmospheric 

air,  12,  207. 
Lloyd,   M.   G.,  magnetic  effects  in 

tellurium,  12,  57. 
Lockhart,  L.  B.,  action  of  radium 


—  field,  effect  on  discharges  through 
a  gas,  Willow,  n,  238. 

—  induction,    unipolar.    Lecher,    n, 
S7;  Hazenbach,  n,  320. 

—  properties   of    corpuscles    in    cir- 
cular orbit^s,   Thomson,   17,   88. 

emanations   on   minerals,  20,  05;  ! — storms  and  aurorte,  yearly  varia- 

phosphorescence  of  zinc  sulphide,        tions,  18,  309. 

20,    93.  — survey     of    Japan,     Tanakadate, 

Lockyer,  N.  and  W.  J.  S.,  yearly        20,  167. 

variations  of  magnetic  storms  and    Magnetism,    terrestial,    Bauer,    17, 

aurorff,  18,  309.  399,   19,   248. 

Loeb,  J.,  Physiolog}'  of  Brain,   n,  I — velocity  of  propagation,  Perkins, 

251 ;    Studies   in    Physiologj-,    19,  I      x8,  165. 

264,  332.  '  —  Sc^e  also  Electric,  Elec  Works. 


Long,  J.  H.,  Physiological  Chemis- 
try, 20,  399. 

Loomis,  F.  B.,  Stegomus  longipes, 
17,  377 ;  reptiles  from  the  Titano- 
there  beds,  18,  427;  Hyopsodidae, 
19.  410. 

Loomis,  H.  B.,  change  of  tempera- 
ture on  permanent  magnets,  15, 
179. 


Magnetization,  circular,  and  mag- 
netic permeability,  Trowbridge 
and  Adams,  n,  175. 

Magnetometer,  torsion,  Kohlrausch 
and  Holborn,  15,  236. 

Magnetostriction,    Barus,    n,    97. 

Magnets,  change  of  temperature  on 
permanent,   Loomis,   15,    179. 

—  See  Magnetic  alloys. 


Loughlin,  G.  F.,  Clays  of  Connecti-  ;  Maldives    and    Laccadives,    Fauna 
cut,  20,  408.  and  geography,  Gardiner,  13,  321, 

Louisiana    geological    survey,    see  ]      14,  74,  15,  240,  488,  16,  400,  17, 
GEOL.    REPORTS.  ;      329,  20,  77. 

Low  Temperature   Researches,   Un-  |  —  coral   reefs  of,   Agas^iz,   17,   248. 
solved  Problems,  Clarke,  12,  393.' — expedition   to,   Agassiz,    13,    297. 

Lull,  R.  S.,  probable  footprints  of  .  —  formation  of,  Gardiner,  13,  321. 
Stegomus  longipes,  17,  381 ;  foot-  ;  — origin  of  coral  reefs  as  shown  by, 
prints  of  Jura-Trias  of  No.  Gardiner,  16,  203. 
America,   17,  402;   restoration  of  :  Mammals,  sec  ZOOLOGY. 


Diceratopp,    20,    420. 
Lunar,  see  Moon. 
Luquer,   L.   McI.,   ramosite  not  a 

mineral,  17,  93. 

—  Minerals  in  Rock  Sections,  20, 
468. 

Lyons,  T.  A.,  Treatise  on  Electro- 
Magnetic   Phenomena,    12,   77. 

M 

Magnetic  alloys,  production  of 
liadtield,  19,  83;  Heusler,  Gum- 
lich,  19,  .39(). 

—  declination  chart  for  the  United 
States,  1902,  Tittman,  13,  319, 
Bauer,   15,   157. 


Manganese    ore    deposits,    Brazil, 

Derby,  12,  18. 
Manhattan  Island,  origin  of  chan- 
nels around,  Hobbs,  20,  71. 
Manila,  publications  of  ethnological 

survey,   20,    167;    of   Government 

Laboratories,  18,  96. 
Mann,  C.  R.,  Optics,  15,  157. 
Map  projection,  Penfield,  n,  126, 

13,  245,  347 ;  van  der  Grinten,  iq. 

357. 
Marble,   flow  under  pressure,  Adams 

and  Nicolson,  11,  397. 
Marine    invertebrates    of    Eastern 

Canada,     Catalogue,     Whiteaves, 

12,  395. 

turtles,   see  under  GEOLOGY. 


—  efTect  of  the  earth  on  the  ether.    Marsh  collection,  Peabody  Museum, 
attempt  to  show,  Rollins,  n,  322.        Eocene  mammalia  of,  see  Eoeene 

—  effects     of     electric     convection,        under   GEOLOGY. 

Cromieu,  n,  87,  321;  Adams,  12,  I fossil  turtles,  Hav,  18    261. 

155:  Pender,  12.  173;  Wilson.  12, :  Martin.    G.    C,    Alaska   petroleum 
322;    Whitehead,    14,    109;    Him- i      and  coal,  19,  458. 

stedt,  17,  175.  Martinique,  see  Mt.  PELEE. 
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Maryland,  Eocene  deposits,  Clark '  Medway,  H.  E.,  use  of  rotating 
and  Martin,  12,  77.  ]      catliode  in  electrolytic  determina- 

—  Matawan    formation    in,    Clarke,        tion,  15,  320,  18,  5*6,  180. 

18,  435.  Mcllor,  E.  T.,  glacial  conglomerate 

—  structure    of    Piedmont    Plateau        of  South  Africa,  20,   107. 

in,  Mathews,  17,  141,  249.  |  Melting  point  of  gold,  Hoi  horn  and 

—  See   GEOL.   REPORTS.  |      Day,    u,   145;    of  feldspars,  Day 
Massachusetts,    Boston  Basin,  clays  |      and  Allen,  19,  93,  20,  72;  of  vari- 

of,  Brown,  i^,  445.  j      ous  minerals,  Brun,  19,  259. 

—  Westlield  River,  terraces  of,  14,  Mendenhall,  C.  E.,  galvanometers 
77.  of  high  sensibility,  12,  249. 

Mastodon    remains    from    Bolivia,  Mercury,  vapor  pressure  of,  Morley, 

Pompeckj,    20,   465;    in    northern  18,  83. 

Mexico,  Sheldon,   19,.  330.  Meridian,     measurement    of    98th, 

Mathematical    papers    of    George  14,  469. 

Green,  16,  392.  Merriam,  J.   C,  Triassic   Ichthyo- 

Mathematics,  Teaching  of,  13,  416.  sauria,     10,     23;     Tluillatosauria 

Mathews,   E.   B.,  structure  of  the  !  from  California,  20,   161. 

Piedmont    Plateau    in    Maryland,  Merrill,  F.  J.  H.,  Now  York  State 

17,  141,  249.  geologic  map,  1901,  16,  102. 
Matter,  heatless  condition  of,  Brink-  Merrill,   G.   P.,   Non-metallic  Min- 

worth   and   Martin,    13,   469,    14,        erals,   17,  405. 

304.  Metal    films,    electrical    properties, 

—  New  Theory  of,  Balfour,  19,  263.        Pattereon,  15,  80. 

Matthew,  G.  F.,  Cambrian  fossils    Metallic    vapor,   reversed   lines   of, 

from  Cape  Breton,    13,  324,   396,  j       15,  416. 

476;    Paleozoic    Batrachian    foot- '  Metallurgical    Laboratory    Notes, 

prints,  17,  480.  Howe,  15,  79. 

Matthew,  W.   D.,  fossil  mammals    Metals  in  an  electric  oven,  emission 

from    the   Tertiary    of    Colorado,  '      spectra,  King,  19,  326. 

13,476.  — electrical        conduct  ibi  I  ity        of, 

Mauck,    A.    v.,    variation    in    the        Strutt,  14,  459. 

fossil    brachiopo<l,    Platystrophia  1 — electron    theory-    of,    Drude,    u, 

lynx,  14,  9.  '      88. 

Maxson,  R.  N.,  iodometric  determi-    —  emission    of    negative   corpuscles 

nation  of  gold,   16,   155;   volume-  ,      by  alkali,  Elster  and  Geitel,   20, 

trie    determination    of    gold,    17,'      4*61. 

466.  —  expansion  at  high  temperatures, 

Mc Alpine,    D.,   Fungus   disease   of        Ilolborn  and  Day,  11,  374. 

Stone-Fruit    Trees    in    Australia,    — reflection   power   for   ultra-violet 

15,  239.  and    ultra-red    rays,    Hagen    and 

McClellan,    W.,    interference   with        Bubens,  14,  66. 

the  bi-prism,  19,  294.  Metamorphism,     physical     effects 

McClenahan,    F.    M.,    typical    hy-       of  contact,  Barrell,  13,  279. 

drous   chlorides,    17,   365;    consti-    — Treatise   on,   Van   Hise,    19,   251. 

tution  of  hydrous  thallic  chloride.    Meteorite  iron,  Ahnighito,  Hovev, 

18,  104.  I      iQ,  263. 

McKee,  G.  W.,  prismatic  crystals'  —  Bacubirito,  Sinaloa,  Mexico, 
of  hematite,  17,  241.  Ward.    14,    316. 

McNairn,  W.  H.,  phlogopite  crys-  — Billings,  So.  Missouri,  Ward,  19, 
tals  from  Ontario,  12,  398.  240. 

Mechanics,  etc.,  Millikan,  17,  247.    —  Boogaldi,  X.  S.  W.,  16.  336. 

—  Slate,  II,  174.  — Canyon   City,    California,    Ward, 

—  Elementary'  Principles  in  Statis-        17^    383. 

tical,  Gibbs,   14,  69.  —  Canyon      Diablo,      Moissan,      19, 

—  Molecular  Phvsics  and  Heat,  191:  carbon  silicide  in,  Moissan, 
Millikan,  15,  327.  19,  191,  323,  396. 

Mechanism,    Dunkerley,     19,    471.    — Cape  York,   Greenland,    19,   263. 
Medicine,  English,  in   Anglo-Saxon    — Xew    South    Wales,    Liversidge, 
Times,  Payne,  19,  263.  16,  336. 
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Meteorite  iron,  Smithville,  Tenn., 

17,  215. 

Soudan,  Cohen,  15,  254. 

—  Virginia,  Campbell  and  Howe, 
15.  469. 

—  Willamette,  Ward,  17,  406. 
Meteorite,  stone,  Andover,  Mass., 

Ward,  15,  395.  . 

—  Bath  Furnace,  Kentucky,  Ward, 
15,  316. 

—  l^armington,  Kansas,  Farring- 
ton,  II,  60. 

—  Hendersonville,  N.  C,  Glenn,  17, 
215. 

—  Perry,     Alabama,     Merrill,     12, 
469. 

—  Saline  Tow-nship,  Kansas,  free 
phosphorus  in,  Farrington,  15, 
71. 

—  the  Vcramin,  Ward,  12,  463. 
Meteoritenkunde,  Cohen,  16,  336. 
Meteorites,   action   of   copper   sul- 

pluite  upon,  Farrington,  14,  38. 

—  catalogue  of  Berlin  collection, 
Klein,  17,  329 ;  of  British  Museum, 
Fletcher,  18,  398;  of  Field  Colum- 
bian Museum,  Farrington,  17, 
329 ;  of  the  Vienna  Museum, 
Berwerth,  15,  486;  of  the  W-ard- 
Coonloy  collection,  18,  91. 

—  gold  in,  Livorsidge,  14,  466. 

--*-  iron,  classification,  Cohen,  12,  86. 

—  metallic  veins  in,  Farrington,  n, 
00. 

—  Siemaschko  collection  bought  by 
H.  A.  Ward,  16,  335. 

—  swarms  of,  Hugbom,  12,  399. 
Meteorological  Atlas  of  Argentine 

Republic,    Delachaux,    12,    88. 
Meteorologie,  Lehrbuch,  Ilann,  13, 

330. 
Meteorologische    Optik,     Pernter, 

13,  472. 
Metric   Fallacy,  Halsey   and   Dale, 

18,  320. 

Metzger,     F.    J.,    caesium-antimo- 

nious  fluorides,  11,  451. 
Mexico,   rhyolites  of,  Ordefiez,   12, 

84. 
Michael,   A.    D.,   British    Tyrogly- 

phida',  17,  407. 
Michelson,  A.  A.,  Light  Weaves  and 

their  Uses,   16,  331. 
Michigan,  coal,  Lane,  13,  475. 

—  GtH)T,  Survey,  see  GEOL. 
REPORTS. 

—  iron-bearing  district,  Bayley, 
17,  400. 

Microbes  ct  Distillerie,  1,6vy,  ii, 
2r)l. 


Miers,  H.  A.,  Mineralogy,  15,  84. 

Miller,  D.  C,  Laboratory  Physics, 
17,  89. 

Miller,  Hugh,  centenary,  of,  13, 416. 

Millikan,  R.  A.,  Mechanics,  Molecu- 
lar Physics  and  Heat,  15,  327, 
17,  247. 

Minchin,  H.  D.,  reflection  of  light 
by  colored  papers,  19,  445. 

Mineral  collection,  Jefferis,  ig,  204. 

—  constituents  of  dust  and  soot. 
Hartley  and  Ramage,   11,  470. 

—  localities  of  New  York,  Whit  lock, 
17,  94. 

—  research  in  Llano  Co.,  Texas, 
Hidden,   19,  425. 

—  resources    of    Kansas,    Haworth, 

17,  406. 

of    So.    Dakota,   0*Harra   and 

Todd,   14,  397. 
of    the    United    States,    Day, 

1901,  14,  461,  1902,  17,  481,  1903, 

19,  260. 

—  Tables,    Eakle,    17,    329;    Groth, 

18,  397;  Penfield,  15,  330;   Weis- 
bach,  16,  335. 

—  waters,  Bailey,  14,  461. 
Min^rales    de  TAfrique,    les  Rich- 
esses,  De  Launay,  15,  417. 

Min^ralogie  de  la  France  et  de  ses 
Colonies,  Lacroix,  14,  70. 

—  Ilandbuch  der,  Uintze,  12,  399, 
18,  472. 

Mineralogy,  Bauer,  17,  406;  Miers, 
15,  H4;   Rutley,   n,  92. 

—  California,   p]akle,    13,   73. 

—  Crystallography,  etc.,  Moses  and 
Pardons,    19,   261. 

—  of  Japan,  Wada,  19,  89,  399. 

—  and  Petrography  at  Yale  Univ- 
or^itv,  Penfield  and  Pirsson,  12, 
398. " 

Minerals,  action  of  radium  emana- 
tions on,  Baskerville  and  Lock- 
hart,  20,  95. 

—  of  the  Argentine  Republic,  Boden- 
bender,    n,   246. 

—  of  Canada,  Hofl'mann,  n,  149, 
12,  447,  13,  242,   19,  319. 

—  cftect  of  radium,  etc.,  on,  Basker- 
ville and  Kunz,   17,  179. 

—  Japan,  T.  Wada,  19,  89,  399. 

—  melting  points  of,  Brun,  19,  259; 
see  Melting  point. 

—  Xon-metalhc,  Merrill,  17,  405. 

—  of  Ontario,  Miller,   n,  246. 

—  optical  character  of  birefract< 
ing,  Wright,  20,  285. 

—  radio-active,  Rutherford  and 
Boltwood,  20,  55;  Strutt,  20,  68. 


33] 


VOLUMES   XI-XX. 


509 


Minerals  in  Rock  Sections,  Luquer, 
20.  468. 

—  and  Ilocks,  Textbook  of,  Tillman, 
II,  24G. 

—  Tables  of,  Eakle,  17,  329;  Groth, 
French  tran-slation,  18,  397 ;  Pen- 
field,  15,  330;   Weisbach,  16,  335. 

MINERALS— 

Aejprite,  Arkansas,  13,  3G. 
Albit^,  19,  110.  Al«^odonite, 
14,  413.  A 1  unite,  Colorado,  14, 
21G.     Aniblygonite,    California, 

17,  191.  Aniphiboles,  Cana- 
dian, 15,  392.  Analcite,  14,  31; 
in  i<rnoous  rocks,  13,  IGl.  Ana- 
pite,  15,  82.  AnorUiite,  ig,  107; 
flapan,  meltinj^  point,  19,  2G0; 
crj^staLs,    New   .Jersey,    n,   369. 

Antliopliyllite,  !Mass.,  16,  339; 
optical  characters,  17^  179. 
Apatite,  13,  343.  Arsenic, 
native,  Arizona,  16,  336; 
Mcmtreal,  14,  397,  15,  92. 
Artirute,  16,  185.  Atacamite 
crystals.  Chili,  12,  100. 
Awaniite,  19,  413.  Axinitc, 
composition,    15,    195. 

Badenite,  Rouniania,  11,  91. 
Bakerite,  California,  18,  242. 
Barite,  Kansas  City,  Mo.,  12, 
47.  Baumhaiierite,  14,  4G4. 
Beckelite,  20,  323.  Beryl,  red, 
Utah,  19,  330.  Bismitcs  Cali- 
fornia, 16,  398.  liisniuth,  Cali- 
fornia, 16,  398.  Boothite, 
California,  16,  186,  17,  192. 
Bornite,  formula,  16,  151. 
Botryogen,  16,  379.  BowTiian- 
ite,  20,  324.  Brochantite, 
Arizona,  18,  458.  Brookite, 
No.  Carolina,  12,  180.  Bros- 
tenite,  Uoum:inia,  n,  92. 
Brunsvigite,   15,  417. 

C'alaniine,  Arizona,  18,  452. 
(^alaverite,  California,  12,  225. 
Calcite,  new  forms,  12,  42; 
fetid,  iQ,  345;  Joplin,  iMo.,  i3, 
73.  CaTcite-sand  crystal,  new 
form,  14,  451.  Caledonite, 
Montana,  12,  47.  Californite, 
16,  397.  Calomel,  Texas,  16, 
253.  Carnotite,  absence  of 
helium  in,  19,  321.  Cassiter- 
ite,  new  cleavage,  20,  410. 
Celestite,  19,  280;  Salina  Co., 
Kan.,  12,  48;    Syracuse,   N.  Y., 

18.  30.  Cerul^iite,  Chili,  12, 
85.  Ceru**sile,  Colorndo,  16, 
343.  Cluibazite,  14,  31;  Nova 
Scotia,       13,       30.     Chalcocite, 

3 


MINERALS— 

Arizona,  18,  451.  Chalcopy- 
rite,  :Mass.,  17,  425.  Chalmer- 
site,  Brazil,  15,  83.  Chloropal, 
Nevada,  13,  344.  Chrompico- 
tite,  Canada,  13,  242.  Chryso- 
beryl,  Canada,  19,  316;  New 
York,  12,  104.  ChrysocoUa, 
Arizona,  16,  45,  18,  453. 
Chrysolite,  melting  point,  19, 
260.  Cinnabar,  14,  464;  radio- 
active, 18,  462.  (-liftonite,  13, 
467.  Coloradoite,  14,  465. 
Conchite,  12,  84,  469.  Coolgar- 
dite,  14,  465.  Coronadite, 
Arizona,  18,  448.  Corundum, 
Coimecticut,  14,  234;  N.  Caro- 
lina, Tx^wis,  11^  92;  in  syenite, 
Madras,  12,  467 ;  twins,  13,  474. 
Cr(K*<)ite,  Tiismania,  13,  339. 
C'ryolithionite.  Greenland,  18, 
243.     Cyrtolite,  Texas,  19,  432. 

Danalite,  Canada,  n,  151.  Dato- 
lit<»,  Quebec,  12,  447. 

Diamond,  artificial,  15,  153,  19, 
451,  20,  460;  **Cullinan,"  from 
the  Transvaal,  19,  395;  efTect 
f»f  radium  emanations  on,  18, 
388 ;  fluorescence  and  phosphor- 
escence,    15,     153.      "Jubilee," 

13,  74;  in  meteorite,  19,  191. 
Diopside,  Nevada,  13,  345.     Diop- 

tase,  Arizona,  18,  452.     Domey- 

kite,     14,     413.     Dumortierite, 

«  19,  211;   chemical  composition, 

14,  426. 

Eglestonite,  Texas,  16,  253. 
Emmonsite,  Colorado,  18,  433. 
Enargite,  20,  280.  Erikite, 
(ireenland,  18,  242.  Esmerald- 
aitc,  Nevacbi.,  13,  72.  Essonite, 
gnii)hitic  14,  234.  Euxenite, 
Brevig,   II,  463. 

Faujawite,  Quebw,  12,  448. 
Fayalite.  ^Nlasri.,  16,  339.  Feld- 
spar crystals,  Colorado,  11,  371. 
Feldspars,  isomorphism  and 
tliermal  pr()j>erties,  Day  and 
Allen,  IQ,  93,  20,  72;  optical 
study,  Iddings,  20,  72.  Fergii- 
sonite,  Texas,  iq,  430.  Fluor- 
it<',  vttrium  ancf  ytterbium  in, 
19,  202. 

(ijnfolinite,  Texas,  19,  425.  Ga- 
lena, 12,  45,  (Tarnet,  14,  234. 
(ierliardtite,  Arizona,  18,  460. 
Glau(H)])hane  in  scliists,  n,  35. 
Gold  in  meteorites,  14,  466. 
(rrcH'nockite  on  calcite,  Joplin, 
Missouri,    14,    7. 
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Halloysit<»,  California,  17,  191. 
Hamlinite,  Brazil,  19,  202. 
Hematite*,  X.  J.,  20,  283;  pris- 
matic crystals,  17,  241.  Heu* 
landite,  Iceland,  13,  30.  His- 
trixite,  14,  466.  Hudsonite, 
15,     227.     Hussakite,     12,     85. 

14,  316.     Hutchinsonite,      20, 
324. 

Ilvaitc,  Idaho,  13,  33.  lodobro- 
hroniit<»,  Arizona,  19,  230. 
Iron  wolframite,  South  Dakota, 
II,  372. 

Jarosite,  Nevada,  13,  345;  Ne- 
vada and  New  Mexico,  14,  216. 

Keweenawite,  Michigan,  14,  410. 
Killrickerite.  14,  464.  Koenen- 
ite,  i^,  83.  Ktypteite,  12,  469. 
Kunzite,  California,  16,  264, 
335,  474;  analysii^,  18,  29; 
properties,    18,   25. 

Lassallite,  France,  12,  85.  Law- 
sonite,  California,  17,  195. 
Ix»adhillite,  California,  12,  46. 
Ledouxitc,  u,  457.  Lengenba- 
chite,  20,  324.  TjepidoUte, 
crystal lograj)hy,  19,  225;  Que- 
l)ec,  II,  149.  Leuchtenbergite, 
Ural  Mts.,  13,  37.  Leucite,  melt- 
ing point,  19,  260.  Lil)ethenite, 
Arizona,  18,  457.  Linarite, 
California,   12,   46.     Liveingite, 

15,  417.     Luzonite,  20,  277. 
Mackintoshite,     Texa-s,     19,     429. 

Manganocalcite,  13,  72.  Man- 
ganospha»rite,  Germany,  13,  72.  i 
Marcasite,  12,  414.  Marrite, 
20,  324.  ^larshite,  14,  465. 
Melanochalcite,  Arizona,  14,404, 
18,  454.  Melilite,  Syracuse, 
N.  Y.,  14,  26.  Mercuric  iodide. 
New  South  Wales,  12,  98. 
^fercury-deposits  in  Texas, 
4(>4.  Miersite,  14,  465. 
lerite,  18,  343.  Mohawkite,  n, 
457,  14,  413.  Moissanite,  19, 
306.  Molybdenite,  crystalliza- 
iioUf  17,  359.  Molybdophyllite, 
Sw<Mlen,  12,  469.  Monazite, 
Idalu),  13,  343 ;  in  iron  ore  and 
graphite,  iJrazil,  13,  211.  Mon- 
troydite,  Texas,  16,  259.  Mo- 
r<'ncite,  Arizona,  18,  455. 
Nai^ite,  Japan,  19,  90.  Natro- 
jarosite,  Nevada,  14,  211. 
Ne])]nite,  New  Zealand,  13, 
73.  Xewberyite,  Yukon  dis- 
Irict,  II,  149.  Nickel  and  cop- 
j)er    deposits    of    Sudbury,    On- 


»   14. 
Mil- 


MINERALS— 

tario,  Barlow,  19,  331.  Nickel 
minerals,  Nevada,  13,  346. 
Nivenite,  Texas,  19,  429. 
Northupite,    20,    217. 

Octahedrite,  No.  Carolina,  12 
180. 

Palacheite,  Calif omite,  16,  186, 
379.  Palladium,  Brazil,  19, 
397 :  in  ore,  of  Rambler  mine, 
Wyoming,  16,  268.  Palmerite, 
Italy,  19,  90.  Pectolite,  New- 
Jersey,  12,  99.  Petterdite,  14, 
466.  Phlogopite,  Canada,  12, 
398,  13,  38.  Phosgenite,  Colo- 
rado, 16,  343.  Pisanite,  Cali- 
fornia, 17,  193.  Platinum, 
Brazil,  19,  .397;  in  black  sand^ 
of  i:.  S.,  Day,  20,  410;  in  the 
nickel -copper  ores  of  Sudburj', 
Ontario,  i^,  137;  in  ore  of 
Rambler  mine,  Wyo.,  16,  268. 
Pluml)ojarosite,     New     Mexico, 

14,  213.  Purpurite,  20,  146. 
P^'knochlorite,  15,  417.  Pyrit^, 
Now  Jersey,  12,  45,  414 ;  pseudo- 
morphs  after,  18,  80;  spinel 
twim?,  17,  93.  Pyrites,  method 
for  assaying,  13,  470.  Pyro- 
morphite,  California,  13,  343. 
Pyroxene,    Tennessee,    12,    105. 

Quartz,  expansion  of  melted,  15, 
236;  pseudomorph,  California, 
17,  194;  replacejuent  by  pyrite, 

19,  277;    San   Diego   Co.,   Cal., 

20,  125;  vitrified,  12,  74,  16, 
469,    17,   399. 

Ramosite,  not  a  mineral,  17,  93. 
Realgar,  Washington,  12,  103. 
Rickardite,    V^ulcan,    Colorado, 

15,  69.  Rielwwkite,  Colorado, 
13,  34;   genesis,  20,   133. 

Scheelite  pseudomorphs,  Con- 
necticut, II,  373.  Schorlomit^, 
British  Columbia,  u,  150. 
Seligmannite,  Switzerland,  12, 
85.  Serendibite,  Ceylon,  15, 
417.  Ser])entine,  Mass.,  13,  36; 
psoudo-,  Washington,  15,  397. 
Smitliite,  20,  324.  vSoue.site, 
Canada,  19,  319.  Spangolite, 
Arizona,  18,  459.  Sperrylite, 
15,  l''^7;  new  forms,  Ontario, 
15,  83,  450;  Wisconsin,  13,  95. 
Spinel,  artificial,  13,  60.  Spo- 
dumene,  Canada,  n,  1.52:  new 
lilac-colorwi,  California,  16,  264, 
335,  474,  18,  25,  29.  StAnnite, 
crystallization,  12,  469.  Sti- 
biotantalite,   14,  466.     Stilbite, 
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Nova  Sc'otia,  13,  27,  Struvite, 
Yukon  district,  n,  149.  Sul- 
phur in  Texas,  13,  413.  Sul- 
vajiite,  80.  Australia,  12,  85. 
Sylvanite.  20,  282.  Synchisite, 
Green  land,  12,  469. 

Teallite,  Bolivia,  19,  90.  Ten- 
gerite,  (f)  Texas,  19,  431. 
Terlinguaite,  Texa^*,  16,  255. 
Termierite,  France,  12,  85. 
ITial^nite,  13,  146.  Thomson- 
ite,  Colorado,  13,  32.  Tho- 
rianite,  Ceylon,  18,  243.  Tho- 
rium minerals,  radio-activity, 
16,  161,  see  Radio-active. 
Thoro-gummite,  Texas,  19,  430. 
Thulite,  Maryland,  n,  171. 
Tin  deposit^s  of  the  Carolinas, 
20,  75.  Topaz,  Brazil,  11,  25. 
Torrensite,  12,  85.  Tourma- 
line, San  Diego  Co.,  Calif.,  17, 
459.  Trechmannite,  20,  324. 
Tyehite,  20,  217. 

Uranium  minerals,  see  Radio- 
activity. Uranophane,  Geor- 
gia,   13,   464;    Quebec,   u,   152. 

Vesuvianite,  California,  16,  397; 
Nevada,  13,  345;  'Sew  Mexico, 
12,  104.  Viellaurite,  12,  85. 
Violaite,  12,  86.  Vivianite, 
California,  13,  344. 

Willemite,  Arizona,  18,  451. 
Wolframite,  Boulder,  Colo.,  20, 
281.  Wolframite  of  Trumbull, 
Conn.,  14,  72;  iron.  So.  Dakota, 
II,  372. 

Xenotime,  14,  316. 

Yttrialite,  compoflition,  13,  145; 
Texas,  19,  430. 

Zoisite,   Maryland,    11,   171. 
Minnesota,    Geognipliy,    Hall,    16, 

104. 

—  Geol.       Survey,       see       GEOL. 

REPORTS. 

—  study  of  giibbroid  rocks,  Win- 
chell,"  II,  89,  .397. 

—  Vermilion  iron-l)earing  district, 
Clements,  I7,  175. 

Mississippi  wat^^rshtsl,  fl(xxls  of 
1903,  Kafikenfield,   18,  91. 

Missouri,  (fimbria  n  limestones, 
Nason,   12,  3;')8. 

—  evolution  of  the  lowlands  of 
southeastern,  Marbut,  14,  392. 

—  fossils  of,  Bewlier,   12,  362,  364. 
-—limestone    conj^lomerate    in    lead 

re^on,   Nason,   11,  396. 
Mixter,  W.  G.,  h<sit  of  dissociation 
and  <H>mbustion  of  awtylene,  etc., 


12,   347;    heat   of   combustion   of 

hydrogen,    16,    214;    carbon    and 

its  heat   of   combustion,   19,  434. 

Mohr,  C,  Plant  Life  in  Alabama, 

Moissan,  Canyon  Diablo  meteorite, 
19,  191,  323,  396;  artilicial  dia- 
monds,  19,  451. 

Molecular  weights  determined, 
Barger,  17,  471. 

Molecules  in  solutions,  is  Tyndall's 
optical  method  capable  of  show- 
ing?, Lobry,  de  Bruyn  and  Wolff, 
18,  461. 

Mont  Blanc,  gcologj,  Duparc,  11, 
470. 

Montana,  Agricultural  College, 
Science  Studies,  20,  78. 

—  Elkhorn  Mining  District,  Weed 
and  Barrell,   15,   158. 

—  geology  of  the  Bitter  root  Range, 
Lindgreji.  18,  395. 

—  Highwood  Mts.,  igneous  rocks 
of,  Pirsson,  19,  330;  laccoliths  of, 
Weetl  and  Pirsson,  12,  1. 

—  petrography  of  Central,  Pirs- 
son, 20,  35. 

Monzoni  and  Fassa,  geological 
structure.  Gordon,  16,  473. 

—  iuid  Predazzo,  Romberg,  19,  201. 
Moody,  S.  E.,  determination  of  per- 

sulphates,     12,     367 ;     iodometric 
determination   of   aluminium,   20, 
181. 
Moon,   photograplilc   atlas,   Picker- 
ing, 17,  96. 

—  recent   studies,    Barrell,    18,   314. 

—  study  of  crater  on,  Pickering, 
18,  400. 

Morgan,  W.  C,  bitumen  in  fossil 
OiTg.  18,  363. 

Morley,  E.  W.,  gauge  for  measure- 
ment of  small  pressures,  13,  455; 
vapor  pressure  of  mercury,  18, 
83. 

Moses,  A.  J.,  mineralogical  notes, 
12,  9S ;  new  mercury  minerals  of 
Texas,  16,  253;  crystallization  of 
molybdenite.    17,  359. 

—  Klem(Mits  of  Mineralogy,  Crystal- 
lography, etc.,  19,  2(>1. 

Mt.  Pel6e,  eruption  of  May,  1902, 
Hill,  14,  312:  Verrill,  14,  72; 
Hovey.  14,  319;  Anderson  and 
Fleet*,    15,   488;    I^acroix,    19,  465. 

—  funiarolc  gases  from,  Moissan, 
15.   233. 

—  t<)wer,  initial  stages,  .Taggar,  17, 
34. 


512 


GETTEKAL    INDEX. 


[za 


Mt.  PtUe.  description  and  discussion 
oriinn,  Hovf^-.   ifi^  2©9:  Braiiiier. 
l6,   «i;    Kii»-*1L    17,   233;    H«fii 
firin,  17,  2.>3- 

Mtirgoci«  G.  M.,  ri4.4i«^ite  a^d  ricr- 
lj«rHcite  T€M:k^.  20,  133. 

Musetim,  "-^  American,  NationaL 

Musical  r'tri »:;!¥.  properties  of.  Ben- 
Urn,  20,  3H3,  4o2. 

N 

Narkose,  Studien  fiber  die,  Overton, 

13,  325. 
Nashua  Valley,  delta  plains,  Cro^v, 

18,  IKI. 
Nason,  F.  L.,  Iim«'-tone  c-onglomer 

ate  in  the  lead  re^fion  of  Mi'i.'iouri. 

II,  3i>fJ;    a;»e  and   jr«^l-   relations 

of  the  .St.  .for^ph  and  Poto**i  lime- 

>*tr>ne«  of  Mi*f«ouri,  13,  350. 
Nathorst,  A.  G.,  Fo«ii>iIe  Flora  det 

Polarlander.   15,  85;    Me^^zoische 

(  yea<iophyt4'n,  15,  85. 
National     Bureau     of     .Standards, 

>><«  Standards. 

—  Museum,  publications,  14,  469; 
rejMirt,  I8IMI,  n,  474;  1901,  16. 
399:  19<I3,  20,  167. 

(.'ataloj(iie    of    fossil     inverte- 

braten,  Seliiiehert,  20,  405. 

Nature's    Miracles,   (iray,    12,    325. 

Navigation,  Sub-Marine,  (^Jaget, 
II,  402. 

Nebraska  fre^d.  survey,  vol.  1,  Bar- 
lx>ur,  16,  473. 

Nebulosity  around  Xova  Per»ei, 
cauMe  <>C  ^  «•'*>'>  16,  49. 

Negritos  of  Zambale,  Reed,  20, 
167. 

Nencki,  Marceli,  Opera  Omnia,  19, 
452. 

New  England,  so.  western,  geologj^ 
of,  Holms,  15,  437. 

New  Hampshire,  K^^ology  of,  Pirs- 
w>n  iiiul  VVasliington,  20,  344. 

New  Jersey,  upper  (.'retaceous  tur- 
tles of,  Wieland,  17,  112,  18,  1«3. 

—  g<^>I.  Siir\'('y,  see  GEOL. 
REPORTS. 

—  glacial  ge<>l<i<!^v,  Salisliurv,  15, 
418. 

New  Mexico,  B()lson  Plains,  Keves, 
15,  207. 

—  Triasyic   syslciii,   Keyes,  20,  423. 

—  iiiicoiiformitv  of  Cretaceous  in, 
Keyes,   jg,  im. 

Newstead,  R.,  CfKcida"  of  the  Brit- 
ish   I-lcs,    17,    181. 

Newton's   colors    nhown    by   trans 
mil  ted   lijrht,  Davis,   15,  224. 


New  York,  graptolites,  Ruede- 
mann.   20,   '^^'^* 

—  f  lelfierbergian  crinoids.  Talbot, 
90,  17. 

—  Indian.^.  Ornaments,  Beauefaamp. 
17,  1^. 

—  mineral  localities.  Wbitlock.  17, 
94- 

—  o%-erihrust  faults  in  cf'ntral.  P. 
F.  .Schneider,  ao,  3iiS. 

—  State  gwAo^csil  map.  1901. 
Merrill.  16,  102. 

—  State  Museum.  15,  481.  16,  102. 
17,  91.  18,  243. 

—  Syracuse,  eruptive  dikes  in. 
Schneider.  14,  24;  petrography 
of  tlike>.  Smj-th,  14,  2t». 

—  Western,  pleistocene  geology  of, 
Fairchild,  14,  .393. 

New  York  City,  changes  of  level 

near.  TuUle,  17,  .333. 
New  Zealand,  glaciation,  Andrews, 

20,  464. 
Nicol,  W.,  new  forms  of  spenrjlite, 

15,  83,  450;  spinel  twins  of  pvrite, 

17.  93. 
Nile  cataracts,  black  color  of  rocks 

in,  Ix>rtet  and  llugounenq.  14,  54. 
Nobel  prizes  in  1902,  20,  167. 
Nodes  and   loops  of  sound   in   the 

open     air,     method     of     locating, 

Da\is,  12,  263. 
Nolan,   T.,   The  Telescope.    18,   88. 
North  America,  submarine  valleys 

off,  Sjiencer,   ig,  341. 
North   American    Fauna,    No.    23, 

Palmer.  17,  330. 
North  Pole,  improbability  of  land 

at  the,  Spencer,  19,  333. 
Norton,  J.  T.,  Jr.,  action  of  sodium 

thiosulphate      on      solutions      of 

metallic  salts,  12,  115. 
Norway,  glacial   formations,  Brog- 

ger,  13,  322. 

—  Ollicial  Publication  of  the  Paris 
Exhibition,   11,   174. 

Nova  Persei,  cause  of  nebulosity 
around,  Verj',  16,  49. 

Noyes,  A.  A.,  General  Principles 
of  Physical  S<aenee,  14,  457. 

Noyes,  W.  A.,  Elements  of  Qualita- 
tive Analysis,  12,  462. 

N-Rays  of  Blondlot.  Lummer,  17, 
174;  Blondlot,  18,  84,  19,  455; 
Broca,  ig,  195;  Gehrcke,  ig,  245; 
Weiss  and  Bull,  ig,  245. 

Nuclei,  distribution  produced  by  the 
X-rays,  liarus,  ig,  175;  efficient, 
in  dust-free  air,  Barus,  20,  297; 
ionization  of,  Barus,  14,  469. 
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Nuclei,  ionization  of  water,  Bainis,  i  OBITUARY — 

15,  105,  217.                                         I  166.     Rood,  O.  X.,  14,  470;  15, 

—  produced    by    shaking    different  73.     Rowland,    Henry    A.,    n, 
liquids,  Barus,  17,  81.                        !  402.     Rubenson,    R.,     14,    47o! 

—  size  of,  Barus,  13,  473.  Ri^tley,  F.,  18,  96. 

—  velocity    and    structure,    Barus,  Schi  nper,    A.    F.    W.,     12,    474. 
14,  225.  Scott,     Charles     Anthony,     la 

—  See  further  Barus,  C.  326.     Schur,  Dr.   Wilhelni,    12! 

I  326.     Smith,    F.    A.,    17,    410. 

^                                 '  Smith,   H.   L.,   16,   268.     Soret, 

^  C,    18,    96.     Spencer,    H.,    17. 

OBITUARY—                                      I  96.     Stokes,    G.    G.,    15,    242. 

Agardh,  J.  C,   u,  332.     d'Archi-  '  Struve,  Otto,  19.  473. 

ardi.  A.,  15,  242.  Taccliini,  P.,   19,  473.     Thurston, 

Beeoher,     C.     E.,     17,     252,    411.  R. 'H.,  16,  475. 

Belknap,  G.   E.,   15,  418;   Bell,  Virchow,  Rudolph,  14,  318.     Von 

C.  J.,  15,  242.     von  Bezold,  20,  '  Riehthofen,    F.,    20,    412.     Von 


470.        Bittner,  Alexander,   13, ,  Zittel,  K.  A.,  17,  252. 

480.     Bolton,    H.    C,    16,    475.        Williamson,   A.   W.,   18, 


96. 


470.     Cornu,  Alfred,  13,  480.      '      20.   411;    Mt.   Wilson,   Calff.,   19! 
Dawson,    G.     M.,     n,    332.     Du- ,      472,   20,   80;    United    States,    17^ 

claux,  E.,  18,  96.  |      332;     West    Hendon    House,    15] 

Errara,  L.,  20,  412.      Everett,  J.  ,      162,     20,     80;     Yale,     19,     203; 

D.,    18,   320.  !      Yerkes,  19,  203. 

Filhol,    H.,    13,   480.     Fitzgerald,    — Astrophysical,  Washington,  work 

George  F.,  u,  402.     Foster,  C,\      of,  Abbot,   11,  401;   Langley,   n, 

LeN.,    18,    96.     Fouqu#,   M.    P.        403,  473. 

A.,    17,    410.     Frazier,    B.    W.,    Ohio, •Coal-measures,    Proeser,    n, 

19,    204.     Fuertes,    E.    A.,    15,        191. 

242.  — geol.    survey,    see    GEOL.    RE- 

Gibbs,   J.    W.,    15,   492,    16,    187.  ,      PORTS. 

Gladstone,  J.  II.,  14,  470.  — State  Universitv  Naturalist,   n, 

Harkne^s,  W.,   15,  334.     Hatcher,        252. 

J.    B.,    18,    163.     Hermite,    C,    Oil,  potential  difference  by  heating 

II,   332.     Hill,   H.  B.,   15,  418.        in,  Brovni,  15,  480. 

Hyatt,   Alpheus,   13,   164.     lly-    Oklahoma,  Carlwniferous  and  Per- 

att,  J.,  17,  410.  mian    age    of    the    Red    Beds    of, 

Ke<lzie,    R.    C,     14,    470.     King,  1      Adams,  12,  383. 

Clarence,   13, 163, 224.     Knight,    —  report     on     the     Arbuckle     and 

W.    C,    16,    268.     Koenig,    Ru-        Wichita  Mts.  of,  Taff  and   Bain, 

dolph,    12,   474.  19,  257. 

Jjiieaze    Duthiers,    Baron    de,    12,! — Tertiary  springs,  Gould,  n,  263. 

326.  LeConte,  Joseph,   12,   174,    Olsen,  J.,  free  ions  in  aqueous  solu- 

248.     Leeds,    A.    R.,     13,    330.  '      tions   of  electrolytes,   14,   237. 

I^.sley,  J.  P.,  16,  106.     tiitken,    Ontario,    minerals    of.    Miller,    n 

C.   F.,   II,  402.  I      246. 

Medlicott,   H.   B.,   19,   473.     Mee- 1 — nickel    and    copper    of    Sudbury, 

han,    Thomas,  13,  164.     Morton,  ,      Barlow,   ip,  331. 

Henry,   13,  480.  ! — syenites    m,    Coleman,    14,    147; 

NordenskiOld,     Adolf,     Erik,     12,  j      ncpheline    rock,   Adams,    17,   269. 

326.  '  Optical   characters    of   birefracting 

Packard,   A.   S.,    19,   264.     Perro-  !      minerals,  Wright,  20,  285. 

tin,    M.    H.,    17,    410.     Powell,    — constants  of  the  eye  for  different 

J.  W.,  14,  377.  I      colors,  Hastings,   19,  205. 

Reclus,  E.,  20.  412.     Renard,  M.,  ' — error-^   of   human    eye,   Hastings, 

16,   268.     Riva,  Dr.   Carlo,   14,       19,  310,  401. 
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Optics,  Advanced,  Mann,   15^  157.    Palache,  C,  crystallization  of  mil- 

—  Tlieorj'  of,  Drude,  14,  68 ;  Schus-        lerite,  18,  343. 

ter,  ig,  250.  PaUearctic    butterflies    of,    J.    H. 

Oregon,  geologj'  of  central,  Russell,  Leech,  catalogue.  South,  15,  489. 

IQ,  458;  Gold  Belt  of  Blue  Mts.,  Palaeontologia      Universalis,       18, 

Lindgren,     15,     158;     John    Day  396,  19,  259,  ao,  406. 

Basin,  fossil  flora  of,  Knowlton,  Palaeontologie,      Steinmann,       17, 

15,  328;  Mylagaulodon  from.  Sin-  249. 

cfair,  15,  143.  Palladium,   in  Brazil,   ig,   397;   in 

Ore   Deposits,  Genesis,   13    474.  Wyoming,  16,  268. 

—  Geology  of  western,  Lakes,  ao.  Palmer,  C.  M.,  hydration  of  chryso- 
400.  colla,  16,  45. 

—  of  Monte  Cristo,  Washington,  Panama  CanaJ,  problems  of,  Abbots 
Spurr,  15,  159;  of  Rico  Mts.,  19,  470;  project  for.  Bates,  ig, 
Colo.,  Ransome,  15,   158.  4/3. 

Ores,  deposition  of,  Van  Hise,  11,  Parafi&ns,  dielectric  constant  of, 
90;  Lindgren,  n,  243.  Hormell,  12,  433. 

Organic     Reactions,     Lassar-Cohn,    Parks,  W.  A.,  parasite  from  Hud- 
translated    by    J.    B.    Tingle,    19,        son  Bay  Devonian,   18,   135. 
84.  ,  Parsons,  C.  L.,  Elements  of  Miner- 

Orean-pipes,  behavior  of  small  '  alogj,  Crystallography,  etc.,  19, 
cTosea    cylinders  in,  Davis,  12, 185.  ■      261. 

Osborn,  H.  P.,  original  trituberc-  Patagonia,  age  of  sedimentary  for- 
ular  theory,  17,  321.  '      mations,  Ameghino,  15,  483. 

Oscillations  oscillatory,  see  under! — Princeton  University  expedition 
ELECTRIC.  to.  Hatcher,  15,  331. 

Ostwald,  W.,  Analytical  Chem-  ■  Payne,  J.  F.,  English  Medicine  in 
istr>'  II,  406:  Lehrbuch  der  Allge- ;  the  Anglo-Saxon  Times,  ig,  263. 
meinen  Chemie,  14,  457;  Grund-  Pearce,  F.,  Recherches  gtologiques 
linien  der  anorganischen  Chemie,  .  et  p^trographiques  sur  POural  du 
17,  306;  Conversations  on  Chem-  1  Xord,  19,  467. 
istr>%  19,  324.  •  \  Pearson,  J.   C,  air  radiation,   18, 

—  Life  and  work  of,  17,  483.  ■      277.    . 

Ostwald's    Klassiker   der   exakten    Peckham,  H.  E.,  bituminous  depos- 
Wissensc'haften,   11,  252,   13,  416,        its  of  Cuba,  12,  33. 
14,  76,  470,  16,  336,  17,  410,  18,    Penck,   A.,  Alpen   im   Eiszeitalter, 
402.  14,  315,  15,  238,  20,  407;  climatic 

Oxygen  absorption  bands  in  solar  features  in  the  land  surface,  ig, 
spectrum.  Tester,  18,  147.  1       165. 

—  Sec  CHEMISTRY.  |  Penfield,  S.  L.,  stereographic  pro- 
Ozark    Region,  load  and  zinc  in,Van  '      jection,   and  its  possibilities,   n, 

HiHo,   Bain,   Adams,   15,   158.  1,   115. 

Ozone,      electromotive     force  of, — calaverite,   12,  225 ;  Contributions 

Brand,  14.  386.  to    Mineralogy    and    Petrography 

—  See  CHEMISTRY.  from    Sheffield    ScienUfic    School, 

12,  398. 
—  new     occurrence     of     Sperrylite 
p  in     Wisconsin,     13,    95;     use    of 

storwgraphic  projection  for  maps 
Pacific,  Albatross  expedition  to  the        and  charts,  13   245,  347. 

eastern,  Agassiz,  19,  143,  274,367.    —solution  of  problems  in  crystallo- 

—  (M)s('rvati(ms  of  a  Naturalist  in,        grapliv,  14    249 

<iu])py,  18.  244.  __  Tables' of  Minerals,   ic,  330. 

—  Uj1)1('o1ous   annelids   from,   Bush,    —  ciystal  drawing,  19,  39. 
20.  ".').  I  —  tvchite,  20,  217. 

—  coast.  Cret!iceousdeposit4»,  Ander-    Pennsylvania.  Latrobe  folio,  Camp- 
soii,  18.  :US.  bell,  18,  394;  limestones  of  south- 
Packard,  A.  S..  Life  and  Work  of        western,  Clapp,   19.  457;    MasoB- 

l^unank,  13,  65.  to\\Ti-Uniontown      Folio,      Camp- 

—  obituary  notice.   19,  264.  1      bell,  15    328. 


39]  VOLUMES  XI-XX.  515 

Percentage  Tables,  Guttmann,  ig, ,  Photographic     records,     preserva- 

450.  tion  of,  Lockyer,  n,  321. 

Perkin,  F.  M.,  Qualitative  Chemi-    Photography,  Lippman'a  color, 

cal  Analysis,  12,  76.       ^  !      rfaimdler,     18,    463;     A.    Hyatt 

Perkins,  H.  A.,  methods  of  using       Verrill,  13,  329. 

the    galvanometer,  18, 53;  velocity  i  Photometry     of     the     ultra-violet 

of  propagation  of  magnetism,  18,        rays,  Kreusler,  12,  463. 

1 65.  I  Photo-Micrography,  Walmsley,  15, 

Perkins,   J.,   Philippine   Flora,    17,        327. 

481.  Physical  data,  compilation  of,  u, 

Pernter,    J.     M.,    Meteorologische !      239. 

Optik,  13,  472.  —  Geography,  Gilbert  and  Brigham, 

Perseus,  new  star  in,  Anderson,  11,  1      14,   398;    Elementary,  Davis,    14, 

399.  '      318. 

Peters,   C.   A.,  calcium,   strontium    — Laboratory     Manual,     Ck>leman, 

and    bariiun,    estimation    of,    12,  '      17,  89. 

216;     determination     of     persul-  .  —  papers  of  H.  A.  Rowland,  15,  237. 

phates,  12,  367.  '  —  Science,    General    Principles    of, 

Peterson,  origin  of  Daemonelix,  20,1      Xoyes,   14,  457;   Recent  Develop- 

405.  ment,   Whetham,   19,  195. 

Petro^raphical      methods,      micro-  j  —  Society,  American,  15,  327. 

scKjpic,  Wright,  17,  385.  '  Physico-Chemical  Review,  16,  475. 

Petrographisches       Praktikum,    Physics,    General,    Ames,    18,    465. 

Rheinisch,  13,  243,  17,  180.  1 — Laboratory,  Miller,  17,  89. 

Petrography,    see    ROCKS.  —  Problemij  in,  Snyder  and  Palmer, 

Petroleum,    radio-active   gas    from:      11,  239. 

crude,  Burton,  18,  392.  Physik,    die    Fortschritte    der,    im 

Phase    rule,    application   of,   Rich-  1      Jahre  1902,  Scheel  und  Assmann, 

ards,  13,  377.  '      13,  319,  480. 

Phasenlenre,  Bedeutung  der,  Rooze-    —  Experimental,    Kundt,    15,    481. 

boom,  II,  165.  '  —  I^hrbuch  der,  Chwolson,   15,  82, 

—  die     heterogeneti     Gleichgewichte  i      18,  86. 

vom  Standpunkte  der,  Roozeboom,    Physikalisch-chemische       Tabellen, 
12,  403,  18,  463.  I      T^ndoltiBomstein,    20,    401. 

Phelps,  I.  K.,  titrimetric  estimation    Physikalische    Technik,    Lehmann, 
of  nitric  acid,  14,  440;  determina- ,      18,  313. 
tion  of  nitrates  in  absence  of  air,  !  Physiography  and  Suess's  theories, 

17,  199:   nse  of  ferrous  sulphate        Davis,  19,  265. 

in    estimation    of    chlorat^is    and  i  Physiologfie,   Beitrage  zur   chemis- 

borates,   17,  201.  ohen,    Ilofmeister,     12,    474,     13, 

Philippine    Islands,   botany   of,    17,        242,  412,  471,  14,  69,  398,  15,  235, 

482;  flora,  Perkins,  17,  481.  ,      470,  17,  90,  331,  18,  402,  20,  168. 

—  Gov.  Laboratories  of,  18,  96.  ' — Experimental,   Dubois    and    Cou- 

—  iron    region   of   Bulacan,   McCas-        >Tour.  u,  330. 

key,  17,  320.  —Studies    in,    Loeb,    19,    264,    332 

—  Weather  Bureau,  Cyclones,  Algu<^,  I  Physique    du    Globe,    etc.,    Berget, 

18,  474.  17,  409. 

Phonetics,  Elements  of  Experimen-  ,  Piano,  a  just  intonation,  Hagemann^ 

tal,  Scripture,  14,  387.  !       11,  224. 

Phosphorescence,  Dahms,  17,  326;    Pickering,    W.    H.,    study    of   the 

Lenard  and  Klatt,  18,  463,  10,  85.        moon,   18.  314,  400. 
Phosphorus  action  in  spherical  con-    Pinchot,    G.,    Primer    of    Forestry, 

densers,  Burus,  n,  310.  Part   II,    19,   471. 

—  emanations,  elTeot  of  temperature  '  Pirsson,  L.  V..  geology  of  laccoliths 
and  moisture,  Barus,  12,  327;  in  lli^hwood  Mts.,  Montana,  12, 
velocity  of  ionizwl,  Barns,  n,  1;  Conlributions  to  Mineralogy 
237.  and    Petrograpliv    from    Sheffield 

—  See  also  CHEMISTRY.  Scientific    School,    12.    398. 
Photographic  action  of  wood,  Rus-  ' — cheniico-inincrilogical     classifica- 

sell,   18,  393.  tion  of  igiieous  rocks,  14,  461. 
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Pirsson,  L.  V.,  ijrneous  rocks  of 
Highwood  Mts.,  Montana,  19,  330; 
petrographical  notices,  19,  200, 
467. 

—  petrographic  province  of  Central 
Montana,  20,  35;  geologj*  of 
Belknap    ^fts.,    X.    H.,    20,*  344. 

Planck,  M.,Thermodynamic3,i7,247. 

Planetary  System,  Taylor,  17,  184. 

Plants,  see  BOTANY. 

Platinum  in  Brazil,  19,  397 ;  in  ore 
from  Rambler  mine,  Wyoming, 
16,  *268;  in  Siidburj'  ores,  15^ 
137;  resources  in  the  United 
States,  19,  398,  ao.  410. 

Plowman,  A.  B.,  relation  of  plant 
growth  to  ionization,  14,  129; 
electromotive  force  in  plants,  15, 
94;  electrotropism  of  roots,  18, 
145,  228. 

Poincar6,  H.,  Electricity  et  Optique, 

11,  467. 

Polarization,  rotatory,  mechanic- 
ally produceil,  Ewell,   15,  363. 

Pomperaug  valley,  ice  action  in, 
Hobbs,  14,  399. 

Porto  Rico,  actinians,  Duerden, 
14,  74;  Alcyonaria,  Hargitt  and 
Rogers,  13,  78;  Mollusca,  Dall 
and  Simpson,  13,  78;  Natural 
History,    13,  75 ;  reports  on  Fauna, 

12,  471;   Stony  Corals,  Vaughan, 

13,  <'5. 

Portugal,   Lower   Cambrian   fauna, 

Dtdgado,   20,    159. 
Potential,  see  under  Electric. 
Powell,    John    Wesley,    obituary 

notice,  Brewer,  14,  377. 
Pratt,  H.  S.,  Invertebrate  Zoology, 

13,  414. 

Precious  stones,  production  in 
1902,  Kunz,  16,  399. 

Predazzo,  Monzoni,  rocks  of,  Rom- 
berg, 19,  201. 

Prescott,     Qualitative     Chemistry, 

14,  (io. 

Pressures,  gauge  for  measurement 
of  small,  Morloy,  13,  455. 

Princeton  University  Expedition 
to    Patagonia,    Hatolier,    15,    331. 

Probabilities,  philosophical  essay 
on,  Simon,  15,  162. 

Projection,  stereographic,  Penfield, 

II,  1,  115. 
—  See  Map  projections. 
Prosser,  C.  S.,  names  of  formations 

of    Ohio    C\)al -mea.su res,    11,    191. 
Pteraspis     dimensis,     Drevermann, 

19, 464.  i 


Pulman,  O.  S.,  Jr.,  molybdic  acid 
r<»dueed  by  hydriodic  acid,  la, 
449;  determination  of  uranium 
by  ziiL^  reductor,  16,  229. 

Pumpelly,  R.,  Explorations  in 
Turkestan,  20,   245. 

Pyromctry,  optical,  Waidner  and 
Burgess,  19,  329. 

—  See  under  Day,  A.  L. 


Qualitative  Analysis,  see  CHEMI- 
CAL WORKS. 

Quartz  apparatus  for  laboratory 
purposes,  Mylius  and  Meusser, 
20,  66;  expan.sion  of  melted,  Hol- 
bom  and  Henning,  15,  236;  per- 
meability to  gases,  Berthelot,  20, 
66;  vitrified,  12,  74,  16,  469,  17, 
399. 

Quebec,  petrographical  contribu- 
tion to  the  geologj'  of,  Dresser, 
14,  43. 

Queneau  on  size  of  grain  in  igneous 
rocks,  14,  70;  Lane,  14,  393. 


Radiation  and  Absorption,  Laws  of, 
Brace,  13,  412. 

—  from  the  earth's  surface,  penetrat- 
ing, Cooke,  16,  392. 

■^— law  of  dark  bodies,  Paschen,  11 
320. 

—  phenomenon,  Graetz,   15,   155. 

—  solar,   pre«>sure   due   to,    Bartoli, 
19,    86;    Poynting,    17,    173,    19 
453. 

—  variation    in,    Langley,    iq,    246. 

—  Very    on    atmospheric,    Hal  lock, 
17,  230. 

—  See  also  X-rays. 
Radio-active      barium      carbonate, 

II,  464;  bismuth,  Marckwald, 
14,  303;  lead,  Hofmaun  and 
Strauss,  n,  235,  463,  12,  388; 
Hofmann  and  VViilfe,  16,  99;  lead 
and  polonium,  Debierne,  18,  389; 
tellurium,  Marckwald,  15,  154, 
19,  324;  thorium,  Hofmann  and 
Zerban,  13,  316;  Rutherford  and 
Soddy,  15,  79;  Sackur,  20,  65; 
uranium,  Soddy,  15,  78. 

—  change    and    effects,    Rutherford 
and   Soddy,    15,   480. 

—  earths,  occurrence  of,  Giesel,  ig 
245. 

—  elements,       disintegration       pro- 
ducts, Boltwood,  20,  253. 
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Radio-active  gas  from  crude  petro- 
leum, Burton,  i8,  392;  in  surface 
water,  Bumstead  and  Wheeler,  i6, 
328;  from  soil  and  water  at  New 
Haven,    Bumstead    and    Wheeler, 

17,  »"• 

—  measurements,  Bronson,  19,   185. 

—  minerals,  Rutherford  and  Bolt- 
woml,    20,    55;     Strutt,    20,    68. 

—  substances,  deviable  ravs  ifrom, 
Rutherford  and  Grier,  ia,  387; 
properties  of,  13,  241;  radiations 
from,  14,  380. 

—  waters,  Hot  Springs,  Ark.,  Bolt- 
wood,  20,  128;  Doughty  Springs, 
Colo.,  Headden,  19,  297. 

—  StK?  Radium. 
Radio-activity,  absence  of  excited. 

due  to  temporary  exjKwure  to     > 
rays.  20,  68. 

—  atmospheric,  Bumstead,  18,  1 ; 
in  high  latitudes,  Simpson,  17, 
398. 

—  and  chemical  changes,  Campbell, 
19,  454. 

—  excit^l,  and  its  transmission, 
Rutherford,  15,  15(5. 

—  iniparte<l  to  cert4iin  sult-s  by 
cathode  rays,  McT-iennan,  13,  240. 

—  inductnl    in    air,    Thomson,    14, 
387 ;  induced  by  salts  of  radium, 
l>bieme,  12,  39. 

—  and    matter,     Winkler,     18,     81. 

—  minerals  and  mineral  waters, 
Strutt,   17,  398 ;  of  t  horium,  20,  65. 

—  of  thorium  minerals.  Barker,  16, 
161 ;  of  underground  air,  D.idou- 
rinn.  19,  10;  of  uranium,  Soddy, 
IS*  "^j  ^^  w.iter,  15umstead  and 
Wheeler,  16,  328,  17,  97,  Bolt 
wood,   18,   378. 

—  S(»e  Radium. 
Radio-micrometer  of  Boys,  Tlutch- 

iiis,  15,  249. 

Radium,  action  upon  globulins. 
Hardy,  16,  329:  on  minerals. 
Baskerville  and  Kunz,  17,  179; 
BaskerviHe  an<l  Txxkhart,  20,  95: 
U])<)n  selenium.  lihH'li,  11,  404. 

—  atomic  weight.  Curie,  14,  3S4. 

—  bnmiide,  ga-*es  evolvetl  by,  Dewar 
aii<l  Curie.  17,  .■^24. 

—  Bunsen  liame  of,  Kunge  and 
Precht,   15,  :i'H). 

—  ehemieal  reactions,  Borthelot 
and  Becrpierel,  13,  59. 

—  coni])Ounds,  eir<'<*ts  on  rare  eirth 
oxides.  Kunz  and  IJaskerville,  17, 
79. 


Radium,  effect  of  temperature  on 
rate  of  decay  of  deposit  from, 
Bronson,  20,  60, 

—  and  electron  theory,  Trowbridge 
and  Rollins,  18,  77. 

—  emanation,  Ramsiiy,  18,  391 ; 
action  on  diamond,  Crookes,  18, 
388;  heating  effect,  Rutherford 
and  Barnes,  17,  327;  helium  from, 
Himstedt  and  Meyer,  20,  399; 
nature  of,  Kelvin,  17,  327. 

—  heat  evolved  by,  Curie  and 
Laborde,   15,  478. 

—  and    helium,    llamsay,    16,    329. 

—  occurrence    of,    Ciesel,    19,    245. 

—  origin.  Boltwood,   10,  452. 

—  position  in  the  jH'riodic  system, 
Runge  and  Precht,  15,  416. 

—  production  from  uranium,  Bolt- 
wckkI.  20,  239. 

—  pro]M'rties,  (ii(*sel,  15,  78. 

—  radiation,  chemical  effect,  Bec- 
querel,  13,  62 ;  penetrating  power, 
Pnschen.  18,  83;  physiological 
action,   Walkhoff,    11,   235, 

—  radio-actixity  produced  by,  Curie 
and  Debierne,  12,  319. 

—  ratio  to  uranium  in  minerals, 
]{oltwoo<l,  18,  97. 

—  .separation  from  barium,  Marck- 
wald,   17,  244. 

—  slow  transformation  protlueta  of, 
Rutherford,   18,  464,  20,  321. 

—  s])inthari.seope,  Crookt»s,  16,  99, 
18,  462. 

—  and  uranium  in  radio-active 
minerals,  Rutherford  and  Bolt- 
woo<l,  20,  5."). 

Ramsay,  neon  and  .  helium  in  air, 
20,  65. 

Ransome,  F.  L.,  geology  of  Silver- 
t<m  (^ua<lranf:le,  14,  390;  of 
Bi'ibee  (^uadrnngle,  Arizona,  18, 
2:>7  :  of  the  Globe  Cojjper  District, 
Arizona,   18,  157. 

Raymond,  P.  E.,  coiinnon  Devonian 
brachiopods,  17,  279;  fauna  ot 
CliMzy  linie;^tone,  20,  353. 

Rays,  see  Cathode,  N-rays, 
Radium,  X-rays. 

Read,  T.  T.,  rare  metals  from  Ram- 
bler mine,  Wyoming,  16,  268. 

Reade,  T.  M.,*  Kvohition  of  Earth 
Structure.    17,    250. 

Refraction,  double.  Braun,  19,  325. 

Reid,  H.  F.,  obitu.iry  notice  of  H. 
A.  Rowland,  n,  459. 

Resistance,  <'tVect  on,  of  amalga- 
mated gases,  Ivollins,  12,  322, 
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in  high  TMCUMj  lUAlin^ 
13,  Oi 

—  iiMsit-'jreiD^nt   of   hi?h,   R^xid,   12, 

Resonance  io  ahinmatiiig  circuiu, 
Ch*^ncrr,  ig,  %S. 

Rejjrnolds,  O^  Sulf->I«chanic«  of  the 
r'niver-rf:,  16,  'Wl. 

Rhees,  W.  J^  Ori^nn  and  Hi-tory 
of  the  .Smith.-onian  Institution, 
12,  473- 

Rheinisch,  R^  Petrographisches 
Prakticum,  13,  243,  17,  1«0. 

Rhodes,  S.  N.,  3Iammal«  of  Penn- 
-vlvani;i  and  New  Jer^y,  jg,  li;i. 

Rice,  W.  N^  Chri-ttian  Faith  in  an 
Ag*f  of  S^rienee,  17,  330. 

Richards,  J.  W^  -'mohawkite''  and 
]*^fy*ixiUi,  II,  457. 

Richards,  R.  W^  chalcopyrite,  17, 
425. 

Richards,  T.  W.,  application  of  the 
pha»e  rule,  etc.,  13,  377. 

Rid^way,  R.,  Birds  of  North  and 
2^1iddle  America,  13,  78,  244,  15, 
418,  19,  332. 

Riggs,  £.  S.,  BrachiosauriLs  alti- 
tnorax,  15,  209;  Dimj^aur  foot- 
print;* from  Arizona,  17,  423. 

Rijnne,  F.,  Gf«tein.>kiinde  fiir  Tech- 
nicker,   etc.,    14,   463. 

Rivers,  Still,  in  \Ve?»tem  Connecti- 
cut, Hobb»,  13^  243. 

—  See  under  GEOLOGY. 
Robinson,  H.  H.,  octahedrite  and 

brrxjkite   from    Xo.    Carolina,    12, 
180. 

ROCKS— 

•    Alkaline  rocks  frr>ni  tlie  rejrion  of 

Ampasindava,    Lacroix,  14,  396 ; 

from  Madaga/w-ar,  T^croix,   17, 

180. 
Alpine    Italy,    Artini    and    Melzi, 

13.  324. 
Analfite     in     iji^ieons     nx-ks,     13, 

101. 
AikIcs,  rocks  of,  Youn^,  13,  323; 

TaiinliJiJiser,  von  NN'olff,  10,  201. 
Arid«*sit«'n,     Arizona,     (iuilJ,     20, 

314. 
Basalt,    Arizona,    Guild,    20,    316. 
Bahalt.s  of  the  Kliine,  Zirkel,   15, 

33U. 
B«*lkTi;ip  Mts.,  X.  IT.,  Pirsson  and 

\\  }l'^}linJ:t/>ll,  20,   344. 
Bronie    Mt.,   Qneboc,   Dresser,    17, 

350. 
ralcile-i)re]mite       cement        rock, 

H(»]yoke    ranpre,    Emerson.     17, 


2;  i . 


CanM-rocn  Mts^  Eseh.  12,  Sl. 
C«-leb*w   rocks,   Schmidt,   13^  413. 
Celestite-bearing     rock?.     Krmus^ 

i^2S6. 
Central    Italian   volcanoes,   Saba- 

tini,  II,  171. 
Charnockite  «ieries  in  Peninsular 

India.   Holland,   n,  S9. 
Chemieil    analrsis.    Wafihingtcn, 

16,  3&6.  18,  39S. 
Cla.'^'>ification    and    nonkenclatore, 

new  quantitative  sTstent,  Cross, 

Iddings.  Pi^:!^?on  and  Washing- 
ton, 14,  4<>1 :  Federov,  12^  83. 
Cleavage,  1.^1  h,  20,  406;  Becker, 

ao,  4m:- 
Comendite,   Siberia,    13,    179. 
Corundum- bearing,    X.    Carolina, 

Lewis.  II,  91. 
Corundum-syenite  with   graphite, 

Madras,  Holland,  12,  -167. 
Dahaniite,  Pelikan,  14,  397. 
Dolomites,  Iowa,  Knight,  n,  244. 
El  eidile- syenite.      Azov.      Moroze- 

wicz,    14,    396;    from    Madras, 

Holland,    12,   467. 
Eruptive,        about        M^nerville, 

Aljiiers.     Duparc,     Pearce    and 

Ritter,   11,  89. 
Eruptive  dikes,  Syracuse,   X.  Y., 

Schneider,    14,   24;    Sm^-th,    14, 

26:  Barrett,  lo,  210. 
Foyaite  from  Siberia,  13,  175. 
Gabbroid,  of  Minnesota,  Winchell, 

II,  89.  307. 
Glaucophaue      schists,      chemical 

study,    Waj^hington,    11,    35. 
Granite,  Little  Cottonwood  of  the 

Wasatch     Mts.,     Emmons,     16^ 

139. 
Granites,     secondary     origin     of, 

Daly,  20,  185. 

—  and  jmeiss  of  Georgia,  Watson, 
15,  482. 

Heptorite,  Siebengebirge,  19,  201. 
IJifrb^vooll    Mts.,    Montana,    Pirs- 

son.  19,  330. 
Igneous,     chemical      composition, 

Iddings,   17,   179. 

—  relative    density    of    fluid    and 
^olid  majrmas,   Doelter,   13^  71. 

—  nieclianics   of    intrusion,    Daly, 
i^,  260,  16,  107,  267. 

—  size  of  grain  in,  Queneau,   14, 
70;   Lane  on  Queneau,  14,  393. 

Kali-Syenit  des  Piz  Giuf  und  Um- 

gebunpr.  Weber,  18,  399. 
Kedabokite,  12,  247. 
Kenytc,  12,  247. 
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ROCKS —  (amalgamated  gases  on  resistance, 

Koswite,  15,  84,  19,  467.  12,  322;  resistance  in  high  vacua, 

Laccolitiis,     see     under     GEOL-  13,  62;    ruling  concave  gratings, 

OGY.  15,  49;    radiiun  and  the  electron 


Marble,      How      under     pressure, 

Adams   and   Nicolson,   n,   397. 

Mariupolite,  Morozewicz,  14,  396. 


theory,  18,  77;  Notes  on  X-light, 
19,  80. 
Rdntgen  rays,  see  X-rays. 
Mclaphyre  of  Boston  Basin,  Burr,    Rood,  O.  N.,  experiments  on  high 
12.  80.  electrical  resistance,  part  II,   12^ 

Meli lite-basalt,     Sutherland,     18,        91 ;   electrical  resisttuice  of  glass, 

472.  quartz,  etc.,  14,  161. 

Moiizoni  and  PredajuiO,  Romberg,  !  —  obituary  notice,   Wright,   15,   73. 

19,  201.  Roozeboom,  H.  W.  B.,  dieBedeu- 
Xepheline  rock,  niew,  Ontario,  Can-        tiing    der    Phas*^nlehre,    11,    165; 

ada,  Adams,  17,  269.  die     heterogenen     Gleichgewichte 

Nej)heline    syenites,    Ontario,    14,        vom     Standpunkte     der     Phasen^ 

147.  I       lehre,  12,  463,  18,  463. 

Nile    cataract**,    black     color    of  i  Rotatory,    polarization,    Ewell,    15, 

rocks,    Lortet   and    Hagoimenq,        363. 

14,  64.  Roumania.  minerals,  Poni,  11,  91. 

Nugsuaks    Peninsula,    Greenland,    Rowe,    pseudomorphs    and    crystal 

Phalcn,  17,  181,  18,  399.  cavities,  18,  80. 

Peridotite  at  Ithaca,  N.  Y.,  Bar-  :  Rowland,   H.   A.,   obituary  notice, 

nott,    19,    210;    altered,    India,        Reid,  n,  459. 

12,  468.  '. — Physical  Papers  of,  15,  237. 

Perkiiite,  Turner,   12,  468.  Rowland  effect,  see  under  Magnetic* 

Petrographic  pro\dnce  of  Central    Royal   Society,   Copley   medal,    12, 

^Montana,  Pirsson,  20,  35.  474. 

Petrographisches       Praktikum,    Ruedemann,    R.,    some    primitive 

Rheinisch,  i^,  243,  17,  180.  cephalopods,   19,  463. 

Plumasite,  California,  16,  105.        i  Russell,   I.   C,  geology  and  water 
Qiuirtz-basalt,      Arizona,      Guild,  ■      resources  of  Snake  River  Plains, 

20,  318.  Idaho,      15,     238;      massive-solid 
Queneau    on    size    of    grain,    14,        volcanic  eruptions,  17,  253;   geol- 

70;   Lane,   14,  393.  og\'  of  central  Oregon,  19,  458. 

Rhyolite,  Arizona,  Guild,  20,  313.    Rutherford.       E.,       radium       and 
Rhyolites  of  ^loxico,   12,  84.  uranium  in  radio-active  minerals, 

Riebockite    rocks,    genesis,    Mur-        20,  55;   slow  transformation  pro- 

goci,  20,   133.  ducts  of  radium,  20,  321. 

Roth's    Tal>ellen,    analyses    from,    Rutley,  F.,  mineralogy,  n,  92. 

Washington,   18,  237. 
Schists,  crystalline,  (hnil)enmann,  S 

19,  202.  Sabatini,    S.,    central    Italian    vol- 

Sibcria,  Eastern,  Wa^^hington,  13,        canoo-s,  n^  171. 

175.  St.  Lawrence,  submerged  tributary. 

Syenites,  Ontario,  14,   147.  Poolo,  18,  306. 

Tilaito,  ig,  467.  —  \'alley,     orijrin     of     shore     lines. 

Tuffs   of   the   S(^ufri^r(^    8t.    Vin-        Chalmers,  18,  175. 

cent,  Howe,  16,  317.  St.   Louis,    Scientific   Congress,    18, 

Urals,     rocks    of,     I)u    Pare    and         162. 

Pt'^irce,  15,  8:i,  ig,  467.  St.  Vincent,  se<-  Soufriere. 

Vohanic     pipes     of,     Sutherland,  i  Salisbury,   R.   D.,  Glacial  Geology 

Rogers  uTul  du  Toit,  18,  472.  of  Xow  Jersey,  15,  418;  Geology, 

Rogers,  A.  F.,  mineralogical  notes,        17,  480. 

12,  42.  Sands    and    se<liments,    Reade    and 

Rogers,    A.    W.,    Geology-   of   Cape        Holland,  18,  396. 

Coh)ny,  20,  163.  San  Jacinto  Mts.,  botanical  survey, 

Rollins,   W.,  attempt   to  show  the        Hall,  15,  87. 

magnt'tie   effeet   of   the   earth   on    Schaller,    W.    T.,    California    min- 
the     ether,     n,     322;     effect     of        erals,  17,  191;  lawsonite,  17,  195; 
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(hnnortiorito,  19,  211;  crystal- 
lo<;rapliy  of  lepidolite,  19,  225; 
purpurite,  a  new  mineral,  20, 
14(1. 

Schenck,  R.,  Kristallinische  Flils- 
sijrkciten,  19,  4.34. 

Schimper,  microscopic  investigation 
of  f(K)(l.s,  11^  9(5. 

Schneider,  H.,  Soils  and  Fertili- 
zers. 20,  308. 

Schneider,  P.  P.,  eruptive  dikes  in 
Syracuse.  New  York,  14,  24 ;  over- 
tlnust  faults  in  central  New 
Vork,  20,  308. 

Schott,  transcontinental  triangula- 
tion,  II,  172. 

Schuchert,  C,  obituary  notice  of 
C.  E.  B(^»cher,  17,  41 L 

—  review  of  Kindle  and  Breger  on 
Indiana  Niagara,  18,  405. 

—  notice  of  Williams'  and  Kindle's 
Devonian  Paleontology,  19,  460; 
paleontological  notices,  19,  197, 
25S,  400. 

—  Catalogue  of  Fossil  Inverte- 
brates, U.  S.  Museum,  20,  405; 
mounted  skeleton  of  Triceratops 
prorsus  in  U.  S.  Nat.  Museum. 
20.  4") 8. 

Schuster,  A.,  Theory-  of  Optics,  19, 
250. 

Science  and  Faith,  Ideals  of.  Hand, 

19,  263. 

Scientia,  Bobn,  12,  89,  13,  244,  14, 
76.  15,  81.  17,  252,  18,  89. 

ScientiRc  Literature,  International 
Catalogue.   14,  ;U7,  15,  490,  17,  94. 

—  w<Mk   by  women,  prize  for,  13^  480. 
Scott,    d!    H.,    Studies    in    Fossil 

Botany,  11,  471. 

Scottish  Nati«)nal  Antarctic  Expe- 
dition, ig,  262. 

Scribner.  G.  H.,  Where  did  Life 
bejiin'r   17,  332. 

Scripture,  E.  W.,  Yale  Psychologi- 
cal laboratory,  11,  168;  nature  of 
vowels,  II,  ;302;  Elements  ot 
Experimental  Plionetics,  14,  3^87; 
new  niiichirie  for  tracing  speech 
curves,   15,  447. 

Secondary  undulations  sho\^^l  by 
tide-gauges,   DutT,    12,    123. 

Sedgwick,  A.,  Text -book  of  Zoology, 

20,  7(). 

Seeley,  H.  G.,  Dragons  of  the  Air, 
12,  396. 

Seismic,  Seismology,  see  Earth- 
quakes, 

Self-inductance,  Self-induction, 
hci'  under  Electric. 


Sellards,  E.  tt.,  fronds  of  Crosso- 
theca  and  Myriotheca,  14,  195; 
validity  of  Idiophyllum  rotundi- 
folium,  14,  203;  Paleozoic  cock- 
roaches, 15, 307,488 ;  Codonotheca, 
16,  87;  fossil  insects  in  the  Per- 
mian of  Kansas,  16,  323;  struc- 
ture of  Paleozoic  cockroaches,  18, 
113,  213. 

SeUers,  Chemical  Analysis,  n,  164. 

Setchell,  W.  A.,  Phyoologia  Boreali- 
Americana,  15,  239. 

Shaler,  N.  S.,  Features  of  Earth 
and  Moon,  18, -314. 

Sheffield  Scientific  School,  see  Yale 
University. 

Sheldon,  concretions  from  Connecti- 
cut valley,  n,  397. 

Shcpard,  W.  K.,  new  solution  for 
copper  voltameter,  12,  49. 

Sherborn,  C.  D.,  Index  Animalium, 

15,  334. 

Shooting    Stars,  Leonids,  13,  79,  80. 

Shore  lines  of  St.  Lawrence,  Chal- 
mers,  18,    175. 

Siberia,  igneous  rocks  from  East- 
ern, Washington,  13,  175. 

Silica,  vitreous,  see  Quartz, 

Silver,  see  CHEMISTRY. 

Sinclair,  W.  S.,  Mylagaulodon,  new 
rodent  from  Oregon,  15,  143. 

Slate,  F.,  Mechanics,  u,  174. 

Smith,  E.  P.,  Electro-Chemical 
Analysis,   15,  80. 

Smith,  J.  C,  Frost's  Manual  of 
Chemical  Analysis,  ig,  453. 

Smith,   J.   P.,   peri(xlic   migrations, 
between    Asia    and    America,    17 
217. 

Smith,    P.    P.,    Calculus,    13,    480. 

Smithsonian  Institution,  Origin 
and    llistorv,     1835-1899,    Rhees, 

12,  473,  13,  *244. 

publications,   13,  479,    14,   76; 

report   for  year   ending  June  30, 
1900,  II,  400,  474,  12,  473;   1901, 

13.  329,    14,   469;    1902,   15,   242, 

16,  475;    1903,    17,    251,    19,    91; 
1904,   10,  261,  20,  412. 

—  Astroi)nysical  Obser\atory,  An- 
nals, vol.  i,  II,  401,  473. 

Smyth,  C.  H.,  Jr.,  petrography  of 
dikes  in  Syracuse,  N.  Y.,  14,  26; 
rephicement  of  quartz  by  pyrite, 
19,  277. 

Social  relations,  Ba^is  of,  Brinton, 
13,  416. 

Soils,  fit^ld  operations  of  the  divi- 
sion of,  AVhitnev,  1899,  u,  91, 
1900,  13,  474,  1903,  ig,  471. 
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Soils    and    Fertilizers,    Schneider, 

20,  398. 
Solar     Corona,     magnetic     theory, 

Bigelow,  II,  253. 

—  Eclipse  Expedition,  report  of, 
Astrophysical  Observatory,  Lang- 
ley,  17,  409.   . 

—  radiation,  possible  variation  of, 
Langley,  19,  246. 

and    the    pressure    of    light, 

Poynting,  17,  173,  19,  453;  Bar- 
toli,  19,  80. 

penetrative,  Blondlot,  16,  390. 

—  spectrum,  the  new,  Langley,  n, 
403;  H  and  K  lines  in,  Trow- 
bridge, 15,  243;  oxygen  bands  in, 
Lester,  18,  147;  water  vapor  in 
infra- re<l,  18,  393;  wave  lengths 
in,  13,  411. 

Solids,  compressibility  ^of,  Bu- 
chanan, 17,  474. 

—  experimental  method  in  the  flow 
of,  Benton,  13,  207. 

Solubilities  of  carbon  compounds, 
Speyers  14,  293. 

Solution,  new  heavy,  Duboin,  20, 
319. 

Solutions,  clearing  of  troubled. 
Quincke,   13,    155. 

Soufri^re  ,  eruptions  of,  14,  72,  312 : 
Hovey,  14,  319;  Anderson  and 
Fleet,    15,   488.     See    Mt.    PeMe. 

—  tuffs  of,  Howe,  16,  317. 
Sound,   experiments   in,  Davis,    12 

185,  263. 

—  Scripture   on   speech    curves,    n 
168,  302. 

—  transmission  through  porous 
material.  Tufts,  n,  357;  through 
solid  walls,  Tufts,  13,  449. 

—  velocity  in  air,  Stevens,  13,  318. 

—  waves,  anemometer  for  station- 
ary, Davis,  13,  120. 

and    electromagnetics,    Heavy- 

si<l<*j  15,  237. 
South  Africa,  geol.  commission  ot 

Cape  of  Goo<l  Hope,   13,  413,   17, 

177. 

—  Geol.  Society,  17,  178. 

—  GeologA'  of  Cape  Colony,  Rogers, 
20,   163. 

—  glacial  conglomerate,  Mcllor,  18, 
89,  20,  107;  glaeiation,  Frames, 
19,  197;  Orange  river  moraine, 
ii»  325. 

—  oldest  sedimentary  rocks  of  the 
Trsin-^vaal,  Hatch,   ig,  258. 

South  Dakota,  mineral  resources, 
O'lTarra  and  Todd,  14,  397. 


Spectra,  emission,  of  metals  in 
electric  oven.  King,   19,  326. 

—  from  the  dissociation  of  water 
vapor,  Trowbridge,  14,  1. 

—  infra-red,  of  the  alkali-metals, 
photography,  Lehman,   12,  390. 

—  of  gases  at  high  temperatures, 
Trowbridge,  18,  420. 

—  of  hydrogen  and  gases,  Trow- 
bridge,  14,  457. 

—  of  hydrogen,  helium,  etc.,  Schnie- 
derjost,   19,   85. 

—  See  Spectrum. 

Spectral  lim*s,  influence  of  character 
of  excitation  upon  structure,  20, 
68. 

Spectroscopic      methods,      Konen, 

15,  «1- 

Spectroscopie,  Handbuch  der,  Kay- 
ser,  14,  460,  20,  69. 

Spectrum  of  alternating  current 
discharge,  Wright  and  Downs,  12, 
66 ;  of  aluminium  and  nitrogen 
oxides,  II,  467;  of  beryllium,  18, 
304:  of  carbon,  n,  466;  of  car- 
bonic acid,  dependence  upon  pres- 
sure, Schaefer,  19,  245;  of  gases 
at  high  temperatures,  13,  412; 
of  helium,  n,  154,  19,  85;  of 
krypton,  12,  207 ;  of  Novae,  cause 
of  peculiarities  in,  Wilsing,  14, 
67. 

—  cyanogen   bands,    King,    13,   472. 

—  solar,  the  new,  Langley,  n,  403. 
See  Solar. 

—  ultra-violet  of  iron,  I^ehmann, 
15,  156;  of  mercury,  Lehmann 
and  Straubel,   13,  472. 

—  See  Spectra. 

Spectrum     Analysis,     Watts,     ig 

247. 
Speech    curves,    new    machine    for 

tracing,  Scripture,  15,  447. 

—  from  flames,  15,  481. 
Spencer,  J.  W.,  submarine  canyon 

of  tlie  Hudson  Kiver,  iq,  1 ;  im- 
probability of  land  at  the  North 
Pole,  19,  333;  submarine  valleys 
off  North  America.  19,  341. 

Sperry,  F.  L.,  eruption  of  Colima, 
15,  487. 

Speyers,  C.  L.,  molecular  weights 
of  some  carlKm  compounds,  13, 
213;  solubilities  of  some  Ciirbon 
compounds,  14,  293 :  heat  of  a 
change  and  changes  in  dielectric 
constants,  16,  61 ;  molecular 
weights  of  liquids,  17,  427. 

Spinthariscope,  Crookes,  16,  99; 
phosphorescent    screens,    18,    462. 


^-*^  GEXEKAL    INDEX.  r4g 

Springs,    helical    trannverse    vibra-  T 

tions,  Bronffon,  ig,  59. 

Standards,    Xational    Bureau,    n  Tables,  Percentage,  Guttmann,  iq. 

3.32,  416,  x6. 106 ;  Bulletin,  xg.  Ql!  ^^, 

Star,    Nova    Persei,    Anderson,    n  —  R^^^rence,  Henng,  i8,  96. 

399.                                                   •  --*>f  Minerals,  see  Minerals. 

Starry  Heavens,  How  to  know  the  laconic   range,   geology.   Dale,    17 

Irving',   19,  204.                                  '  1^5. 

Stars,   evolution   of,   Very,   10    47  Talbot,  M.,  fauna  of  Stafford  lime- 

97,    185;    revolutions   within   the  «!«n<^  o^  >*'ew  York,  16,  148;  revi- 

Galaxy,  Very,  16,  127.  ^\^^  of  the  New  York  Helderber- 

—  in    Northern   Hemisphere,   paral-  ^^"  Crinoids,  20,  17. 

lax  of  ten  first  maimitude.  Elkin  Tallman,  M.  C,  bitumen  in  fossil 

15.  489.                   ^                         '  eg-,    18,   363. 

—  See  Observatory.  Tantalum,  see  CHEMISTRY. 
Steel-works  Material,  Analysis  of  Taschenberg,  O.,  Bibliotheca  Zoo- 

IJrearlej'  and  Ibbot^on,   15,  79.    '  logica,  II,  20,  412. 

Steieer,    G.,   action   of   ammonium  Tasmania,  glacial  geology,  Gregory, 

chloride  on  <«ilicates,  13,  27.  '7.  328. 

—  silver      chabazite      an'd       silver  Telegraphone,  Poulsen,  n,   166. 
analcite,  14,  31.  Telegraphy,    wireless,   experiments 

Stcinmann,   G.,   Palaeontologie,   17,        relating  to,  Chant,  13,  1,  15,  54, 

—4".  17,  I.  lo,  4uo. 

Stellar  revolutions  within  the  Gal- Slaby  and  Arco,  n,  165. 

axy,  Very,  16,  127.  ^ork  on,  de  Tunzelmann,   10 

Stereochemie,      Materialien      der  ^V'' 

Bi^choff,  18,  463.  Telescope,  Nolan,  18,88;  reflecting, 

Stereographic     projection,     n      l  }9^  -''^^J  untried  forms  of  mount- 

115,  see  Projection.  '      '       "*^^  ^^^y  13,  459. 

Sterrett,    D.    B.,   tourmaline   from  Tellurium,     magnetic     effects     in, 

San  Diego,  Calif.,  17,  459;  calcite  Lloyd,  12,  57;   radio- activity,   je 

twins  from  Joplin,  Mo.,   18    73-  ^ 54,  19,  324. 

tin  deposits  of  the  Carolinas,  20  :;r  ^^  ^^^^  CHEMISTRY. 

75.                                                      *  Temperature,    the    nadir    of,    and 

Stillman,  T.  B.,  Engineering  Chem-  ^^^^^'^  problems,  Dcwar,   12,   168. 

istr}',  20,  398.  —measurement    of    high,    llolbom 

Stokes,  H.  N.,  pyrite  and  marca-'  i"'^  ^^^^   "»  374;    Waidner  and 

«ite,    12,  414.  Burgess,  19,  329.     See  also  Melt- 

Stookey,  L.  B.,  reduction  of  vana-  ^^J^  point. 

die  acid,   14,   369.  — tnermo-eloctric        junction        for 

Storage    cells,    new    form    of    dec-  determining,  Dewar,  20,  153. 

tnnle.  Da/iourian,  ig    315  — subterranean,  plan  for  obtaining, 

Submarine     vallevs,    Spencer      in  <^^»"^<^rt,  19,  393. 

1,341.                  "                      'Ay.  —  Tnsolveil      Problems      of      Low, 

Sudbury    mining   district.    Barlow  ^'^c^^^*   12,  393. 

19,  331.                                             '  Temporary  set.  Barus,  12,  247. 

Sullivan,    .Qualitative     Chemi-trv     Terlingua       quicksilver      deposits, 
14,  65.  '  '        Texas,  14,  464. 

Sun,  '^ee  Solar.  Terraces,  of  Klamath  region,  Cal., 

Surface  <«nsion  and  viseo^itv    Bur-        ^l^'^^^^^y;    16,    240;    of    Westfield 

bnnk,  15,  140.  '  '  I^J*^^'    -^I^^*^--.    W-    M.    Davis,    14, 

Sutton,     F.,     volumetric     analvsis     t«  ^«  1    -ir         ..  ^ 

18   300  'inaijsis,    Tcrrestial   ^VLignetism,    Bauer,    17 

300    TO    24^  " 

Swinburne.  J.,  Entropy  or  Tliormo-    Texas    <'«>lo.rv  of    from  ISfift  isq« 

ollciers    '  "  "'•  """  '""'"    -"!tr"'>'    """•'''''«   «'•    »4.    464; 

-,«-a.  IK„,  .,.  Krn.,  «„„  S..„...-.ttc.r.    -'^in'onlf' r.^!.;eh''rLl^n'i  If 
^°'  Hidden,    19,    425. 
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Texas,  northwest  boundary  of, 
Baker,  14,  391. 

—  phyi>icdl  geography,  Hill,  11,  90. 

—  sulphur,  oil,  etc.,  13,  413. 

—  upper  Permian  in  western,  Girty, 
14,  363. 

Thatcher,  R.  W.,  new  method  of 
quantitative     analysis,     12,     320. 

Thermo-chemistry  of  Alloys, 
Baker,  n,  237. 

Thermo-electric  measurement  of 
temperature,  Dewar,  20,  153. 

Thermo  element,  vacuum,  Lebedew, 

14,  385. 
Thermodynamics,   Planck,  17, 247; 

Swinburne,  18,  87. 

Thomson,  J.  J.,  electricity  carried 
by  gaseous  ion,  15,  327 ;  magnetic 
properties  of  corpuscles,  17,  88; 
Electricity  and  Matter,  18,  88. 

Thorium,  activity  induced,  16,  470. 
See  Radio-active. 

Thome,  N.  C,  precipitation  of  ba- 
rium bromide,  18,  441. 

Tibet,  and  the  Andes,  Alpine  plants 
from,  Hemsley  and  Pear  son,  13,47  9. 

Tide-Gauge  ol>ser\'ations.  Duff,  12, 
123. 

Tillman,  S.  K,  Text-book  of  Min- 
erals and  Utx^ks,  n,  246. 

Tin  deposits  of  the  Carolinas, 
Pratt  and  Sterrett,  20,  75. 

Todd,  D.  P.,  untried  form  of  mount- 
ing for  a  telescope,  13,  459. 

Townshend,  electrical  conductivi- 
ties produced  in  air  by  the  motion 
of  negative  ions,  13,  240. 

Toxicity,  relation  of  mass  action, 
etc.,  Dandeno,  17,  437. 

Transcontinental  triangulation, 
Schott,  II,  172. 

Transvaal,   see  South  Africa. 

Treadwell,  F.  P.,  Analytical  Chem- 
i^^tiy.  15,  479,  18,  82. 

Trilobites,  ventral  integuments, 
Beerher,  13,  165;  of  the  Chazy 
limestone.  Raymond,  lo,  464. 

Trouessart,  E.  L..  Calalogus  Mam- 
malium,     18,    95,    402,    20,    470. 

Trowbridge,  J.,  circular  magnetiza- 
tion and  magnetic  permeability, 
II,  175. 

—  spectra  of  hydrogen,   12,  310. 

—  sjx'ctra  from  th(»  dissociation  of 
water  vapor,  14.  1;  spectra  of 
hydroiren  and  reverse<l  lines  in 
the  spectra  of  gases,  14,  457. 

—  gaseous  constitution  oi  H.  and 
K.    lines    of    the   solar    spi^ctrum, 

15,  243. 


Trowbridge,  J.,  radium  and  the 
electron  theory,  18,  77;  spectra 
of  gases  at  high  temperatures, 
18,  420. 

—  side  discharge  of  electricity, 20,57. 
True,  H.   L.,  cause  of  the  glacial 

period,  15,  161. 
Trumbull,    Conn.,    tungsten    mine, 

14,  72. 
Tufts,  F.  L.,  transmission  of  sound 

through    porous  material,  n,  357 ; 

transmission    of    sound    through 

solid  walls,  13,  449. 
TuUy    quadrangle,   geological   map, 

Clarke  and  Luther,  20,'  158. 
Tungsten      mine,      at      Trumbull, 

Conn.,  Hobbs,  14,  72. 
Turkestan,     Explorations     in,     20, 

245. 
Turner,  H.  W.,  pleistocene  geology 

of      vSierra     Nevada,      n,      242; 

unusual  minerals  from  the  Paci- 
fic States,  13,  343. 
Turtles,  see  under  GEOLOGY. 
Tuttle,    G.    W.,    changes   of   eleva- 
tion  of   land   and   sea   near   New 

York  City,   17,  333. 
Tyrol,  geology  of  Monzoni   region, 

Roml>erg    and    Doelter,    14,    463; 

Gordon,  16,  473. 

U 

Udden,  old  Indian  village,   n,  95. 

Uhlig,  C,  Kilimandjaro  to  Meru, 
Africa,  "20,  78. 

Ulrich,  E.  O.,  zinc  and  lead  depos- 
its of  Arkansas,   18,  470. 

Ultra-red  rays,  reflection  power  of 
metals  for,  llagen  and  Rubens, 
14,  66. 

—  SiM?  Solar. 

Ultra-violet  light,  action  upon  rare 
earth  oxides.  Baskerville,  16,  465. 

—  thermal  junction  in,  Pfliiger,  17, 
473. 

—  rays,  absorption  by  ozone,  Meyer, 
16,  470:  reflection  power  of 
nietiiU  for,  llagen  and  Rubens, 
14,  66. 

—  See  Spectrum. 

United  States,  si»e  Geol.  Reports, 
Coast  Survey,  National  Mu- 
seum. 

Xaval      Observatory',      second 

series  vol.  i,  12,  00:  vol  ii,  14, 
470;   vol  v,   17,  3.32. 

Universe,  Sub-nieehanies  of,  Rey- 
nolds,   16,   331. 

Urals,  geology  and  petrography,  Du- 
pare  and  Pe^iree,   15,  83,  19,  467. 


524 


OKNEEAL   INDEX. 


[48 


Uranium,  Analytical  Chemistry  of, 
Brearley,   17,   173. 

—  See  Radio-active,  and  CHEM- 
ISTRY. 

Utah,  geoiogA'  of  Bingham  mining 
district.  Bout  well,  Keith  and  Em- 
mons, 20,  406. 


Valleys,  hanging,  Kussell,  20,  165. 

—  submarine,  J.  W.  Spencer,  ig,  1, 
.341. 

Vancouver,  Cretaceous  fossils  from, 

Whit  eaves,    18,   287. 
Van  Hise,  C.  R.,  deposition  of  ores, 

II,    00;     ore    deposits,    13,    474; 

Treatise    on    Metamorphism,    no- 

ticeil.  19,  251. 
Van    Name,    R.    G.,    influence    of 

hydrochloric  acid  on  cuprous  sul- 

phocyanide,  13,  20;  estimation  of 

copper  in  the  presence  of  hismuth, 

etc.,   13,   138;   crocoitc  from  Tas 

mania,  13,  339. 
VanTieghem's      classification      ot 

plants,  13,  326. 
Van't  Hoff,  J.  H.,  Physical  Chemis- 
try, 16.  390. 
Vapor,  diffusion  of,  into  nucleated 

air,  Barus,  15,  472. 
Vapor-densities,       apparatus       for 

(letermining,  Harrington,,  20,  225. 
Vaughan.   T.    W.,    Monograph    39. 

U.  S.  G.  Survey,  n,  395. 
Vector  analysis,  Gibbs  and  Wilson, 

13,  158. 
Veins,   formation   of   fissure,  Lind- 

gren,  11,  243. 
Velocity,     of     chemical     reactions, 

Duaiie,  II,  349:  of  seismic  waves, 

Davison,  11,  95. 

—  of  sound,  Stevens,   13,   318. 
Venezuela,     ueber     L'ntersilur     in, 

Drevermann.    ig,    197. 

Vermont,  reiwrt  of  State  Geolo- 
gist. 1901-1902,  Perkins,  15,  329; 
geol.  survev.  ig,  395. 

Verrill,  A.  E.,  dc-ath  of  fishes  at 
Bermuda    in    1901,   12,  8S. 

—  Review  of  Stonv  C-orals  of  Porto 
Rico,  13,  75;  fauna  of  the  Ber- 
mnda-^,  13,  327. 

—  peiuliar  cliaracter  of  the  erup- 
tion of  Mt.  PelC'c,  14,  72. 

—  Bermuda    Inlands,    15,    332,    333. 
Verrill,  A.  Hyatt,  additions  to  the 

Avifauna    of    the    Bermuda^,    12, 
64 :     nomenclature     of     Bermuda 
bird**.  12,  470:  color  photographv 
13,  329. 


:  Very,  F.  W.,  atmospheric  radia- 
tion, II,  230;  cosmic  cycle,  13, 
47,  97,  185;  cause  of  nebulosity 
around  Nova  Persei,  i6,  49;  stel- 
lar revolutions  within  the  galaxy, 
16,   127. 

Vesuvius,  explosive  activity  in 
April,  May,  1900,  Matteucci,  la. 
81. 

Vibrations,  transverse,  of  helical 
springs,  Bronson,  18,  59. 

Viola,  C.  M.,  Gnmdzlige  der  Krys- 
tallographie,   ig,  467. 

Virginia,  Cambro-Ordovician  lime- 
stones,  Campbell,   20,   445. 

Volatile  substances,  apparatus  for 
detennining,  Kreider,  ig,  188. 

Volcanic    eruptions,    massive-solid, 
Russell,     17,    253;     Branner,    16. 
I      442. 

i on  Martini(|ue,  see  Mt.  PeMe  ; 

on    St.    Vincent,    see     Soufrifere. 

of  Vesu\'ius,  1900,  12,  81. 

—  rocks,   see   ROCKS. 
Volcanoes  of  Central  Italy,  Saba- 

tini,    II,  171 ;  of  Hawaii,  Ehnerson, 
14,  431. 
;  Voltaic  element,  normal,  20,  68. 
Voltameter,  copper,  Shepard,  12, 49. 

—  iodine   titration,   Kreider,    20,    1. 
Volumetric    Analysis,    Sutton,    18, 

3!)0, 

Vowels,  nature  of,  Scripture,  n, 
302. 

W 
Waidner,  C.  W.,  galvanometers  of 

high  sensibility,  12,  249. 
Walcott,  C.  D.,  Cambrian  Brachio- 
poda,   ig,   329;    Cambrian   faunas 
of  India,  20,  404,  405. 
I  Walden,  P.,  Wilhelm  Ostwald,  17, 
483. 

'■  Walker,  C.  F.,  Inorganic  Chemis- 
try, 20,  ^Q. 

Walmsley,  W.  H.,  Photo-Micro- 
graphy. 15,  327. 

Walther,  J.,  das  Geset^  der  Wtis- 
tenbildung,  n,  326;  Geology',  20. 
161. 

Ward,  H.  A.,  Veramin  meteorite, 
12,  453  ;  Bath  Furnace,  Kentucky, 
meteorite,  15,  316;  Andover 
meteorite,  15^  395;  Canyon  City 
meteorite,  California,  17,  383; 
Willamette  meteorite,  17,  406; 
Billings   meteorite,    ig,   240. 

Ward,  L.  F.,  geology  of  the  Little 
Colorado  Valley,  12,  401;  famous 
fossil  eycad,  18,  40. 
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Ward-Coonlcy  collection  of  mete- 
orites, catalogue,  Ward,  i8,  91. 

Waring,  G.  A.,  quartz  from  San 
Diego    Co.,    California,    20,    125. 

Warren,  C.  H.,  mineralogical  notes, 
II,  369,  16,  337;  optical  charac- 
ter of  anthophyllite,  17,  179. 

Wasatch  Mts.,  Little  Cottonwood 
granite,  Emmons,  16,  139, 

Washington,  Ellensburg  Folio, 
Smith,   15,  328. 

—  geology  of,  Smith  and  Willis,  18, 
158. 

—  Monte  Cristo,  Ore  Deposits  of, 
Spurr,  15,  150. 

Washington,  H.  S.,  chemical  study 
of  glaucophane  scTiists,   11,  35. 

—  ijmeous  rocks  from  Eastern 
Siberia,  13,  175. 

—  Cliemico-mineralogical  Classifi- 
cation of  Igneous  Rocks,  14, 
4(Jl. 

—  Chemical  analyses  of  igneous 
rocks,  16,  390. 

—  analyses    of    igneous    rocks,    18, 
237 ;  Chemical  Analysis  of  Rocks,  \ 
18,  398. 

—  gcologj'  of  Belknap  Mts.,  N.  H., 
20,  344. 

Water,  heat  vaporization,  mechan- 
ical  equivalent.  Hough,  20,  81. 

—  purification  bv  ozone,  Van't  HoflF, 
15,  23G. 

—  specific  heat  of,  Dicterici,  19, 
454. 

Waters  of  Illinois,  chemical  survey, 

Palmer,  18.  39G. 
Watkins   arul   Elmira   quadrangles, 

geology,    Clarke   and    Luther,   20, 

157. 
Watson,  A.  E.,  denucleating  effect 

of  rotation  in  ciise  of  air  stored 

over    water,    17,    392. 
Watson,  T.  L.,  uranophane  in  Geor- 
gia, 13,  404. 
Watts,  W.  M.,  Study  of  Si>ectruni 

Analysis,   19,  249. 
Wave  lengths,  sliort,  of  Schumann, 

measurements,     17,    320.      See 

Solar. 
Waves,  .s(»ismic,  velocity,   11,  95. 

—  see  under  Electric. 
Weather    Bureau,    Philippine,    18, 

474. 

Washington,    14,    70,    17,    252, 

4S4. 

—  forecasts,     long-range,     Oarriott, 
19,  203. 

Webster,  A.  G.,  Dynamics  of  Parti- 
cles, etc.,   19,  327. 


Webster's  International  Diction- 
ary, II,  331.' 

Weed,  W.  H.,  geology  of  laccoliths 
in  Highwood  Mts.,  Montana,  12, 1. 

Wehnelt  inU^rrupter,  n,  88. 

Weidman,  S.,  amphibole  hudsonite, 
15,  227. 

Weisbach,  Mineral  Tabellen,  16, 
335. 

Weller,  S.,  Paleozoic  faunas  of  New 
.Fersev,   16,   103. 

Wells, 'deep,  of  1904,  19,  459. 

Wells,  H.  L.,  cajsium-antimonious 
fluorides,   n,  451. 

—  ca'sium-tellurium  fluoride,  12, 
190;  double  chlorides  of  Ciesium 
and  thorium,  12,  191. 

—  Chemical    Calculations,    17,    173. 

—  Studies  from  the  Chemical 
Laboratory  of  Sheflield  Scientific 
School,  13,  03;  new  occurrence  of 
sperrylite    in    Wisconsin,    13,    95. 

—  Text-book  of  Chemical  Arithme- 
tic. 20,   399. 

West  Hendon  House  Observatory, 
publications.  Backhouse,   15,   102. 

West  Indian  Madreporarian 
Polyps,  Duerden,  15,  333. 

Western  Australia,  geological  sur- 
vey, II,  .31)0.  13,  413,  17,  249. 

Wheeler,  L.  P.,  radio-active  gas  in 
surfa<*e  water,  16,  328 ;  radio-act- 
ive ga.s  from  soil  and  water  at 
\ew  Haven,  17,  97. 

Whetham,  W.  C.  D.,  Rwent  Devel- 
opment of  Phvsical  Science,  19, 
11)5. 

White,  C.  H.,  aulopliytography, 
19.  231. 

Whiteaves,  J.  F.,  I  mtacrinus  and 
?f«'miasler  in  the  Vancouver  Cre- 
taceous, 18,  287. 

Whitehead,  J.  B.,  Jr.,  mugnetic 
effect  of  elei'trie  displacement, 
14,  101);  measurement  ff  self- 
'       inductance,    19,    149. 

Wieland,  G.  R.,  American  fossil 
cyea<is,    n,  423. 

—  (*retaceous  turtles,  14,  1)5. 

—  living  Cvcads,  Zamias  of  Florida, 
13,  331.  ^ 

1  —  marine  turtles,  15,  211. 

—  polar  climate  in  time  in  relation 
I       to    evolution,    16,    401. 

—  upper  Cretaceous  turtles  of  New 
•Torsey,   17,   112. 

' — structure    of    Upper    Cretaceous 
turtles    of   New   .Jersey,    18,    1S3; 
I      the  ])roembrvo  of  the  Bennettiteae, 
i      18,  445. 


52e, 


GENERAL    INDEX. 


[50 


Wieland,  G.  IL,  new  Xiobrara 
Toxocbt-lT-^.  ao,  325:  Upper  Cre- 
ta#-«>iLs  turtle«»,  ao,  i30. 

Wilder,  F.  A^  geology  of  Iowa,  ao, 
463. 

Williains,  H.  S^  Life  and  Work  n* 
Lamarckf  review  of,  13,  65;  fossil 
faunas  and  their  use,  13,  -117; 
correlation  of  geological  faunas, 
16,  334;  shifting  of  faunas,  16, 
3:M;  Carbon  if  eroas  formation  of 
Kan^ia**,  17,  248;  Devonian  Pale- 
ontology. 19,  460 

Willis,  J.  M.,  csesium-tellurium  fluo- 
ride, la,  190;  double  chlorides 
of  csi**iuni  and  thorium,   la,   191. 

Williston,  S.  W^  Dinosaurian 
genus  Creor-aurus.  u.  111;  hind 
limb  of  Protostega,  13,  276; 
North  American  Plesioftaurs,  16, 
473. 

Wilson,    E.    B^    Vector    Analysis, 

13.  J-^»- 

Winds,  influence  of  upon  climate 
during  the  Pleistocene  epoch, 
Harmer,  13,  70. 

Winton,  A.  L.,  anatomy  of  Cocos 
nucifera,  la,  265. 

Wireless  telegraphy,  see  Teleg- 
raphy. 

Wisconsin,  Baraboo  iron -bearing 
district,  Weidman,  18,  395. 

—  geolojrical     survey,    sec    GEOL. 

REPORTS. 

—  lakes  of  southeastern,  Fenneman, 

15,  238. 

Wolf  rum.   A.,   Chemisches    Prakti- 

kum,  14,  385,  16,  101. 
Wood,  action  of,  on  a  photographic 

plate,  Russell,  18.  393. 
Wood,    E.,   new   Crinoid   from   the 

I  la  mi  Hon    of    Charlestown,    Ind., 

12,  2!i7. 
Wood,    H.    O..    crystallization    of 

nnllente,  18,  343." 
Worcester,      Mass.,     geology     of, 

PerrA'  and   Emerson,  17,  91. 
Wortman,    J.    L.,    new    American 

S[M*<'i(?s    of    Aniphicyon,     11,    200. 

—  K<K"oiu*  Mammalia  in  Marsh  col- 
Icftion.  II,  33.'{,  437.  12,  143,  103, 
2S1,  377.  421,  13,  39,  115.  107, 
433,    14,    17,    15,    163,    .309,    419, 

16.  345,  17,  23,  133.  203. 
Wright,  A.  W.,  s|K»ctrum  of  altor- 

iiatiii^  current  (lischar<ro.   12,  66; 
()]>itu:irv    iK>ti((*    of    ().    N.    Rood, 

15.  '•^• 
Wright,    F.    E.,    mioroscopic-petro- 
prapliical  nu'tiio<ls,  17,  385;  opti-  ' 


eil  character  of  birefracting  min- 
eral-*, ao,  2S5. 
Wyoming,    new    Ceratopsia,    Hat- 
cher, ao,  413;  restoration  o€  Dice- 
ratops.  Lull,  ao,  420. 

X 

X-Light,    Xotes    on,    Rollins,     iq. 

80. 
X-rays   and   Becquerel   rays,   effect 

on  the  eve,  Himstedt  and  Xagel, 

II,  395. 

—  char^n^  effects,  Hahn,  ao,  461. 

—  effect    of  temperature  on   ioniza- 
tion by.  McClung,  17,  245. 

—  mea.<ured  by  means  of  selenium, 
Him«5tedt,  n,  395. 

—  and  X-rays,  Blondlot,  iS,  84. 

—  production   of   nuclei   by.   Bams, 
19,   175. 

—  polarized,  Barkla,  i^  391. 

—  varj'ing  degrees  of   actinism   of, 
Heinze,  13^  313. 

—  velocity,  Blondlot,  15,  236. 

—  Work  on,  Rollins,  19,  86. 


Yale  Bicentennial  publications 
from  Kent  Laboratory,  Gooch, 
I  a,  321 ;  from  Mineralogical 
Laboratorj-,  Sheffield  School,  la, 
398:  from  Chemical  laboratory 
Sheffield  School,  Wells.  13,  63; 
on  Light,  Hastings,  13,  64;  on 
Vector  Analysis,  Gibbs  and  Wil- 
son,  13,   158. 

—  Museum,   see   Peabody. 

—  Obser\-atorv.  publications,  jo 
203. 

—  Psvcholopical  Laboratorv,  vol. 
^ii*  II,  1«8. 

Yerkes  Observatory,  publications, 

19,  203,  20,  411. 
Yosemite    valley,    origin.    Turner, 

11,  242. 

Young,  S.,  Fractional  Distillation, 
17.  87. 

Z 

Zirkel,  bas^alts  of  the  Rhine,  15, 
330. 

Zoolog^ca,  Bibliotheca,  IT,  Taschen- 
l>erg,  20,  412. 

Zoological  Results  on  material 
from  New  Britain,  Xew  Guinea, 
et<\,  NN'illey,  14.  468;  from  West- 
ern  riicific,  Willey,  n,  330. 

Zoologisches  Addressbuch,  la,  90. 

Zoology,    Shipley    and    MacBride, 

12,  472. 
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Zoology,  G^ieral,  Dodge,  i7,  182. 

—  Invertebrate,  Pratt,  13,  414. 

—  Practical,    Parker    and    Parker, 
12,  472. 

—  Text-book,  Sedgwick,  20,  76. 

ZOOLOGY. 

Actinians  of  Porto  Rico,  Duerden, 

14,  74. 
Alcvonaria   of   Porto  Rico,   Har- 

gitt  and  Rogers,  13,  78. 
Annelids,    tubicolous,    from    the 

Pacific,  BiLsh,  20,  75. 
Ascidians  of  Bermuda,  Van  Name, 

14,74. 
Bermuda,  Verrill,  15,  332,  333. 
Bird's  Eggs  in  British   Museum, 
Catalogue,   Gates,  13,  329, 14, 469, 

20,  412 ;  Gates  and  Reid,  16,  400. 
Birds,  anatomy,  Hftcker,  11,  251. 

—  of  the  Bermudas,  additions  to, 
Verrill,  12,  64 ;  nomenclature  of, 
12,  470. 

—  Catalogue,  British  Museum, 
Ggilvie-Grant,  19,  472. 

—  Handlist  of,  Sharpe,  12,  89,  13, 
329,  16,  400. 

—  of  North  Middle  America, 
Ridgei«,'ay,  13,  78,  244,  15,  418, 

.  15,  322. 

—  singing  of,  HUcker,  11,  251. 
Brnchiopod,  embrj'^ology  of,  Conk- 

lin,  14,  75. 
Coocida)  of  the  British  Isles,  New- 

<itead,  17,   181. 
Cold  Spring  Harbor  Monographs, 

20,  78. 
Coral     Reefs     of     the     Tropical 

Pacific,  Agassiz,  15,  333. 
Corals  of  Bermuda,  West  Indies, 

etc.,  Verrill,  13,  327. 

—  of  Maldive  and  Laccadive 
Archipelagoes,  Gardiner,  13, 
321,  14,  74,  15,  240,  488,  16, 
400,  17,  329. 

—  Stony,  of.Port^  Rican  Waters, 
Vaughan,  13,  75. 

—  West  Indian,  Duerden,  15,  333. 
Diptcra,  No.  American,  catalogue, 

Aid  rich,  20,  77. 
Fauna  of  the  Bermudas,  Verrill, 

11,  •'^26,  13,  327;  of  Porto  Rico, 

12,  471. 


ZOOLOGY— 

—  Maldives  and  Laccadives,  Gar- 
diner, 13,  321,  14,  474,  15,  240, 
489,  16,  400,  17,  329,  20,  77. 

Fishes  death  of,  at  Bermuda  in 
1901,  Verrill,  12,  88. 

Goat,  Rocky  Mt.,  Grant,  20,  77. 

Index  Animal ium,  Sherbom,  15, 
334. 

Insects,  Habits  and  Instincts, 
Fabre,  20,  77. 

Isopods  of  the  Bermudas,  Rich- 
ardson,   13,   328. 

Lepidoptera,  North  American, 
Dyar,  15,  418. 

—  Phalnenae  Noctuidae,  in  the  Brit- 
ish Museum,  Hampson,  17,  182, 

19,  472. 

Mammals,  Catalogue  of,  Troues- 
sart,  18,  95,  402,  20,  470. 

—  of  No.  America,  Grigin  of 
large,  Grant,  18,  161. 

—  of  Pennsylvania  and  New  Jer- 
sey, Rhodes,  18,  161. 

Medusa,  new  species,  Mayer,   11, 

473. 
Medusae  of  the  Bahamas,  Mayer, 

18,   101. 
Mollusca  of  Porto  Rico,  Dall  and 

Simpson,  13,  78. 
Nautilus  from  New  Britain,  etc., 

Willey,  14,  468. 
Orthopt^ra,  synonymic  catalogue, 

British     Museum,     Kirby,     19, 

332. 
Polyps,  Wast  Indian  Madrepora- 

rian,  Duerden,   15,  333. 
Protozoa    of    Connecticut,    Conn., 

20,  76. 

Spiders  and  mites  from  Bermuda, 
Banks,  13,  328. 

St^gomyia  fasciata,  infect-ed  by 
yellow  fever  in  Havana,  study 
of,  Gargas,   14,  75. 

Tunicata,  British,  Alder  and  Han- 
cock, 20,  409. 

T^^•oglvhidi^,  British,  Michael, 
*^  17,  407. 

Venorida*,  svnopsis  of  the  familv, 
Dall,  15, '418. 

West   Indian  Ophiurans,   n,  330. 

See  also  GEOLOGY. 
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